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Introduction 

The Artificial Intelligence in Management (AIM) Laboratory of 

the Katz School of Business, University of Pittsburgh will 

employ AIM Lab personnel and consultants to design, develop and 

test a prototype of the following US Army Medical Research and 

Materiel Command (USAMRMC), Telemedicine and Advanced Technology 

Research Center (TATRC), Knowledge Engineering Group (KEG) 

Artificial Intelligence Research and Development efforts: 

Task 1:  Design, Development and Prototyping The Expert 

Consult Broker of GGTS 

The AIM Lab will employ a combination of cognitive science, 

computer science., artificial intelligence, and management 

science methodologies to perform the task.  The Principal 

Investigator will ensure that each task is analyzed and broken 

down into individual components which will be then further 

analyzed for specificity and applicability.  Once this is 

accomplished, the principal investigator will apply current and 

state-of-the-art processes to improve each component.  Once 

accomplished, the task will be reengineered in an iterative 

fashion. 



Body- 

As detailed in section 5.1 of the approved Statement of Work, 

Phase I of award DAMD 17-99-1-9581 included six tasks: 

5.1.1 Develop a conceptual model of a telemedicine consult 

management system operating within a dynamic military 

environment. The model will address the ways in which 

consult routing could occur, as in CB-LRCE. Wherever 

possible, the consult broker will access information 

regarding dynamic environmental aspects by querying the 

Combat Service Support Control System - Medical component 

of the Army Global Command and Control System. The model 

should be reflective of current worldwide medical 

consultation management practices and past experience in 

both the military and civilian sectors. 

5.1.2 Select one or more knowledge representation schemes to 

implement the model. 

5.1.3 Instantiate sufficient domain knowledge to enable a 

structured consultation process walk-through to be 

demonstrated to a peer review panel composed of physicians 

and knowledge engineering professionals from military and 

civilian academic organizations. 

5.1.4 Demonstrate that the conceptual model of 5.1.1 together 

with the domain knowledge of 5.1.3 represented as in 5.1.2 

is capable of functioning as an effective and reliable 

consult manager. 

5.1.5 Prepare and deliver expert system model specification. 
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5.1.6 Prepare and deliver verification, validation and operation 

prototype test plans. 

In this part of our report, we describe our accomplishments 

associated with each of those tasks.  Six documents, attached as 

appendices, provide the details referred to in this section. 

Those documents are: 

Appendix 1.    Gilbert, May, Vargas, and Brienza, "The Global 

Grid Telemedicine System Consult Broker," AIM Lab Working 

Paper number 101; 

Appendix 2.    May, Vargas, Johnson, Gilbert, and Uli, "Global 

Grid Telemedicine System," presented at ATA Fourth Annual 

Meeting, Salt Lake City, Utah, 1999; 

Appendix 3. May, Vargas, Gilbert, Uli, Rocca, and Jacobs, 

"GGTS Consult Broker," presented at the ATA Fifth Annual 

Meeting, Phoenix, Arizona, 2 0 00; 

Appendix 4. Gilbert, Uli, Baker, Brienza, Rocca; Vargas, and 

May, "Global Grid Telemedicine System (GGTS)," presented at 

the ATA Fifth Annual Meeting, Phoenix, Arizona, 2000; 

Appendix 5.    Summary of naive text classification experiments 

on teledental and medical data; and 

Appendix 6.    Code listing for Teledental Consult Broker 

Prototype. 

We chose to pursue a data driven approach to Tasks 5.1.1 through 

5.1.6 rather than a top-down system development methodology. In 

other words, we decided to use whatever information could be 

found that related to at least partly fielded and used Army 
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telemedical systems as the basis for developing a prototype in a 

narrow application area. Such a narrow-but-deep strategy could 

help us appreciate and integrate characteristics that are 

critical for system acceptance and functionality. The primary 

risk of our strategy is that what we learn from a narrow 

application domain may not generalize to other parts of 

telemedicine, but we considered the benefits of being able to 

rapidly develop a prototype and to learn from its construction 

made that an acceptable risk. 

In order to pursue a data-driven strategy, we required data. 

The group at TATRC that was associated with the Army's 

Teledental system had about 500 e-mail records from their 

Internet-based system, as was willing to share those records, 

properly sanitized, with us. We began to receive parts of their 

data at the beginning of January 2 000, and had a complete data 

set approximately one month later. The teledental data included 

the text from Form 513 for each patient and the location and 

code number for the consultant who responded to the request, but 

not the reason(s) why that particular consultant was chosen or 

chose to respond. 

Task 5.1.1. 

A preliminary conceptual model for the Consult Broker, including 

four possible interface designs, is described in Appendix 2. 

After receipt of the Teledental data, we further developed that 

model, specialized in part to characteristics of the Teledental 

environment. The refined model is discussed in Appendix 3, 

Appendix 4, and Appendix 1. The computer expression of the 

conceptual model is fully described in Appendix 6. The 

interrelationships between the Consult Broker,  and a possible 
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network environment are discussed in Appendix 5 and in Booz- 

Allen Hamilton (2000).x 

Task 5.1.2. 

We chose to represent knowledge structures such as consultants, 

units, and facilities using objects, and data as instances of 

those objects. A text description of the representation is 

included in Appendix 1, and its computer realization in Appendix 

6. 

Task 5.1.3 

Based on analyses of the Teledental data and discussions with 

TATRC personnel, we first identified three distinct types of 

teledental consultations. 

Type 1: The requester is primarily interested in referring 

the patient to the consultant, and has asked for a consultation 

in order to find the best match for that referral. The primary 

goal of the requester is thus administrative, not medical. 

Type 2: The requester fully intends to treat the patient 

himself, but has encountered complications or problems that are 

outside of his experience or expertise. The purpose of the 

consultation is to give him the additional information necessary 

to permit him to carry out his treatment of the patient. The 

primary goal of the consultation is medical, not administrative. 

Type 3: The type of request is intermediate between types 

1 and 2. The request is initially medically oriented, but the 

requestor will continue treatment only if the problem turns out 

to be within his expertise, even after having been provided with 

additional information from the consultant. If the problem is 

too difficult for the requester, he is interested in referring 

the patient to the consultant for further treatment. 

Booz-Allen Hamilton (2000), "GGTS Implementation Plan." 
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The type of consultation affects both the way in which the 

Consult Broker should be expected to interact with the requester 

and the amount and type of information the requester can be 

expected to provide to the Consult Broker. In a Type 1 

consultation, geographic proximity of the consultant to the 

requester could be very important, because the patient is going 

to be handed off from the requester to the consultant. Depth of 

expertise on the part of the consultant is much more salient in 

a Type 2 consultation. A request for a Type 2 consultation is 

more likely to have specific likely procedures identified than 

would be a Type 1 consult. For example, a Type 1 teledental 

consult might be as simple as a request to find the nearest oral 

surgeon so that a patient can have an impacted wisdom tooth 

extracted. In a Type 2 consult, the requester is more likely to 

be able to provide the specific CDT procedure code(s) the 

patient would require. 

As detailed in Appendix 3, we developed six scenarios for 

possible teledental consultations.  They are: 

Scenario 1: Peacetime, with consultants in their default 

locations, and the requester able to provide as least the 

specialty required 

Scenario 2: Conflict, in which deployable units may be 

located in other than their default locations, but with 

peacetime organizational rules 

Scenario 3: Scenario 2, but with special organizational 

rule for communication and patient movements 

Scenario 4: A Type 2 consult in which there is a trade 

off between immediate consultant availability and specific prior 

experience 

Scenario 5: A consult in which the specific expertise 

requested is new to the system, and the Consult Broker has to 

use its knowledge of dental procedures to identify patients most 
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similar to the new consultation (case-based reasoning on patient 

records) 

Scenario 6: A consult request in which the requestor is 

not exactly certain of the specific expertise necessary, so that 

the Consult Broker is expected to provide the names of 

consultants with similar expertise as well as those with exactly 

the expertise requested (case-based reasoning on consultants). 

Appendix 3 shows the prototype system's behavior, and the 

interface screens that result, from all six scenarios. The 

consultation process for those scenarios was demonstrated to an 

audience of physicians and knowledge engineering professionals 

at the ATA 2000 national meeting in Phoenix, AZ. 

Task 5.1.4. 

The demonstration of effectiveness and reliability of the 

conceptual model and its computer implementation as a stand- 

alone system would require our having access to a data set in 

which the choice of consultants to match requests was based on 

the criteria desired by the Army, and for which those criteria 

were fully disclosed to us. To demonstrate its effectiveness in 

a larger network environment would require the development of at 

least a prototype of that larger environment. 

Task 5.1.5 

The model specification, for at least the teledental 

application, is described in Appendix 1 and Appendix 6. 

Task 5.1.6 

This task also requires that we be provided with suitable data. 
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Key Research Accomplishments 

• Development of a prototype teledental consult broker 

• A metric for case-based reasoning based on a 
multidimensional scaling of similarity judgments of 
procedures 

• A naive Bayesian classifier for extraction of 
administrative information from technical medical text 
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Reportable Outcomes 

Gilbert, May, Vargas, and Brienza, "The Global Grid Telemedicine 
System Consult Broker," AIM Lab Working Paper number 

May, Vargas, Johnson, Gilbert, and Uli, "Global Grid 
Telemedicine System," presented at ATA Fourth Annual Meeting, 
Salt Lake City, Utah, 1999, 

May, Vargas, Gilbert, Uli, Rocca, and Jacobs, "GGTS Consult 
Broker," presented at the ATA Fifth Annual Meeting, Phoenix, 
Arizona, 2000, 

Gilbert, Uli, Baker, Brienza, Rocca; Vargas, and May, "Global 
Grid Telemedicine System (GGTS)," presented at the ATA Fifth 
Annual Meeting, Phoenix, Arizona, 2000, 

Summary of naive text classification experiments on teledental 
and medical data, and 

Code listing for Teledental Consult Broker Prototype. 
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Conclusions 

Our progress to date on this award demonstrates that we 

have been able to conceptualize, formalize, and implement the 

technical aspects of a Consult Broker for the Global Grid 

Telemedicine System. Using techniques from artificial 

intelligence and statistics, we have successfully represented 

both data and knowledge for a teledental prototype, and have 

shown that our prototype is capable of supporting decision 

making in a variety of scenarios. We have also begun the 

process of generalizing the teledental model to the more general 

medical domain, primarily through our experiments in using naive 

classification to extract what an administrative system, such as 

the Consult Broker, needs to know from technical medical text. 

Progress beyond this point in the development of the 

Consult Broker will be limited by the availability of adequate 

data and adequate administrative knowledge, rather than by 

technical difficulties associated with implementation. With the 

apparent hiatus in further work on the originally envisioned 

network environment for the GGTS, a specific delineation of the 

place and role of the Consult Broker within the larger Global 

Grid environment is necessary. Such a delineation would define 

what type of telemedical systems would be supported by the 

Consult Broker, and the way in which users would be expected to 

interact with the Consult Broker. If those systems are ones 

that are at least partly implemented, then data from them and a 

thorough description of the medical administration of the 

teleconsultation processes associated with them is critical for 

Consult Broker development, testing, verification, and 

validation. If systems to be supported by the Consult Broker 

are also only at the planning or prototype stage, then 

descriptions of those systems' intended architecture and the 

test cases to be used for their testing, verification, and 

validation, would aid permit us to design a Consult Broker that 

would be compatible with those systems. 
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Appendix 1: 

THE GLOBAL GRID TELEMEDICINE SYSTEM CONSULT BROKER 

Gary R. Gilbert 
University of Pittsburgh and USAMR&MC\TATRC 

Jerrold H. May 
Luis G. Vargas 

Katz Graduate School of Business 
AIM Laboratory- 

University of Pittsburgh 

* This research has been supported by grant number DAMD 17-99-1-9581 to the 
University of Pittsburgh. 
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INTRODUCTION 

The Global Grid Telemedicine System (GGTS) is a 
proposed global telemedicine command and control system 
(Zajtchuk and Zajtchuk, 1996) that will enable telemedical 
consultations to occur anywhere in the world, regardless of 
location or transportation medium. The objectives are to: 
(1) leverage the extensive military national command 
communications facilities throughout the world to provide 
global telemedicine support to US and allied forces, 
worldwide; (2) provide a transparent fully-integrated 
commercial communications network backup to military 
facilities; and (3) develop a computer assisted consultation 
routing system that maximizes world-wide projection of 
consultation support from medical consultants and sub- 
specialists located at military and civilian medical centers 
throughout the United States. The concept envisions 
sophisticated network management tools that maximize 
efficient use of military and civilian communications 
infrastructure at bandwidths, protocols, security levels, 
and modalities appropriate to specific telemedicine 
applications. A key component is an intelligent global 
teleconsultation routing and management system capable of 
determining, from very minimal requester provided 
information, the type and location of consultant needed, the 
protocol conversions required, the priority of need, and the 
optimal network routing to facilitate connectivity. 

Concept for Global Grid Telemedicine System 

For the last several years, the Department of Defense 
has implemented numerous rapid prototyping and integration 
efforts as part of the DoD Telemedicine Testbed at Fort 
Detrick, Maryland. These prototypes were continuously 
evaluated in Joint Technology Demonstrations, in Army 
Battle Labs Advanced Warfighting Experiments and other 
joint service exercises. Contemporary military operations 
in the Balkans and the Middle East have also offered real- 
world environments to validate emerging telemedicine 
technologies. Although much work has been done, the 
military health system currently does not have an effective 
method of linking health care providers and diagnostic 
systems into a seamless diagnostic, treatment, and 
evacuation  capability.    Health  care  personnel  at  all 
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echelons of care must be able to communicate with each 
other by audio, video, and electronic media, so maximum 
utilization of expert consultant skills, diagnostic 
capability, and treatment regimens can be quickly 
implemented to provide state-of-the-art resuscitation, 
care, and enhanced evacuation. Integration of existing and 
emerging digital communication technologies into the 
patient care system, beginning with the individual soldier 
and continuing throughout the health care continuum, will 
allow the military health system to project expert 
preventive medicine and treatment necessary to improve the 
sustainability of the future military force. In addition, 
health care in special operations and military operations 
other than war (e.g. humanitarian and peacekeeping 
missions) will be enhanced by the utilization of these 
technological innovations. The timing of this need is 
based on ongoing joint telemedicine advanced technology 
demonstrations and advanced warfighting experiments that 
have demonstrated that integrating emerging information 
management technologies into the health services mission 
area will significantly improve combat casualty care. 

Traditionally, the military medical community has had very 
limited access to tactical and strategic communications 
assets.  In addition, the increased employment of 
telemedicine technologies by the US. military has led to 
haphazard growth of stovepiped, leased commercial 
communications networks to support military telemedicine 
applications.  These networks are excessively expensive, 
inefficiently designed to meet global-needs, and ill- 
equipped to assist end-users in routing teleconsultation 
and medical messaging traffic to appropriate destinations. 
As global telemedicine operations are incorporated into US 
military medical doctrine for world-wide deployments, 
increased access to tactical and strategic communications 
assets for the military medical community is becoming 
essential. 

In order to address these changing operational 
requirements and to enable the DoD to leverage rapidly 
emerging technological innovations, the concept of a Global 
Grid Telemedicine System (GGTS) was conceived. The GGTS 
will match, in real time or store-and-forward mode, remote 
or deployed medical personnel or facilities requesting 
telemedicine consultation support with provider facilities 
at major military and civilian medical centers. It also 



16 

establishes and manages the connectivity required to 
support the consultation session as well as security fire 
walls to enable communications from forward tactical forces 
including special operations forces operating well behind 
enemy lines. Medical sub-specialty consultants are 
generally based at medical centers in the united States and 
accessible through a variety of commercial or defense 
networks if adequate multilevel security features can 
enable connectivity. The two key components of the 
proposed GGTS system are the Consultation Broker Server, 
and the managed Communications Networks consisting of a 
Requestor Network on one side of the Consultation Broker, 
and a Provider Network on the other side. The primary 
function of the GGTS is to match remote, deployed medical 
facilities requesting telemedicine consultation support 
with provider facilities around the world, and to establish 
and manage the connectivity required to support the 
consultation session. Consult providers, individual sub- 
specialty physicians at primary medical facilities, 
"register" with the GGTS Consult Broker when they are 
available to receive consult requests within their area of 
expertise. Remote forward deployed medical facilities 
(afloat or land-based) submit consult requests to the GGTS 
Consult Broker specifying the classification of the medical 
issue and the type of telemedicine session required. The 
Consult Broker will then match the request with the 
appropriate registered provider and establish or schedule a 
real-time consultation session between the two nodes 
(Provider Node and Requestor Node) or forward a store-and- 
forward consultation request to an appropriate consultant 
and return the results to the requestor. It will also 
manage the Requestor and Provider Network communications 
resources available to the GGTS to provide optimal 
bandwidth, quality of service, and security for concurrent 
telemedicine sessions. Because of rapidly changing 
bandwidth requirements for strategic communications 
throughout the entire DoD, the GGTS network will be 
designed to leverage military bandwidth when available and 
transparently switch to commercial bandwidth on-demand when 
other DoD strategic and/or tactical priorities preempt 
telemedicine applications. 

This paper concentrates on the Consultation Broker (CB) 
component  of the GGTS  operationalized using Artificial 



17 

Intelligence methodologies. The CB is an object oriented 
global teleconsultation system designed to route incoming 
requests for consultation to the appropriate won duty" 
medical personnel. The CB must have sufficient ingrained 
"intelligence" to determine - in real time- the type of 
consultant needed from very minimal requester provided 
information, and to determine protocol conversions needed, 
priority of need, and optimal network routing to facilitate 
connectivity. 

Previous research within the Army indicates that 
telemedical practice requires "standards of utilization" 
(Walters, 1996). Significant controversy exists over what 
value various telemedical modalities offer to the 
consultation process, what minimum information is needed for 
consultations, and how that information should be presented 
to the consultant. There are also debates over which 
medical sub-specialties require what information media or 
telemedical modalities: store-and-forward versus real-time 
video consultations, high resolution still images versus 
full motion video clips, radiology and pathology images 
versus radiology and pathology reports, and telephone 
consultations versus e-mail. Calcagni et al. (1996) and 
Clyburn et al. (1998) provide some experiences with the use 
of telemedicine. However, insufficient empirical data or 
hard analysis yet exists to make definitive recommendations 
by sub-specialty. Therefore an important function of the CB 
system should be to collect and analyze information on the 
telemedicine consultation process. 

Walters (1996) identified a number of objective and 
subjective questions that should be asked about each 
telemedicine consultation in order to determine how best to 
execute it. In addition to considering what telemedical 
modalities are appropriate for each case, Walters' list of 
questions includes basic patient demographic data (e.g., 
name, date, location, age, and nationality), and 
consultation specific data (e.g., the requesting 
physician's specialty, what he/she is asking the 
consultant, consultation urgency, subspecialties requested, 
type of equipment used or available, history of present 
illness, and current differential diagnosis). Walters 
also extracted and retained information from the 
consultant's reply, such as the adjusted diagnosis and 
treatment recommendations. In her research, Walters 
employed a physician reviewer who addressed questions such 
as, How sick was the patient? Did the consultation change 
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the diagnosis, treatment, or duty status of the patient or 
effect the outcome? What type of communication modality 
was needed by the consultant to reply to the consultation? 
Walters found that two patterns of consultation referral 
developed. The first involved physicians consulting on 
conditions outside of their own specialty. The second 
involved specialty physicians consulting with 
subspecialists or specialists with greater expertise in the 
requestor's own specialties. 

Reporting on the Army telemedicine experience in the 
republics of the former Yugoslavia, Navein et al. (1996) 
observed that quality of service (response time, quality of 
consultation, expertise of consultants, etc.) was the most 
significant factor in the choice of consultant when 
consultation routing was left to the prerogatives of 
requesting physicians alone. Even though the Army 
considered that "best practice" would dictate that 
consultations be directed to the "referral center" hospital 
to which it wanted patients to be evacuated, deployed 
physicians generally directed consults to the medical 
center providing the best telemedicine service. 

2. THE NETWORK ENVIRONMENT 

Booze-Allen Hamilton (1999?) observed that the GGTS, 
at its highest level, is a system that manages a medical 
information exchange network in the support key military 
health service support processes. The GGTS accomplishes 
this through the use of 4 distinct elements operating 
through a managed interface to the network. In addition an 
underlying GGTS communications network is employed to 
facilitate the interaction between each of the elements of 
GGTS. Figure 1 shows the relationship between five health 
service support "pillars", the medical support net, and the 
GGTS network, elements. 

The GGTS is composed of four distinct functional 
nodes: Field, Requestor, Broker and Provider. Each one of 
these nodes provides a specific interface to the 
communications network that supports medical operations 
across the Operational Continuum. In addition to providing 
interfaces, each node also contains a specific set of 
functionality that helps enable the GGTS to manage the 
communications network. 
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Forward Health Care     Patient Movement      Patient Visibility     Medical Command and Control    Force Health Protection 

GGTS Elements 

Figure 1. GGTS Support to Five Medical Business 
Processes and Interfaces. 

The Field Node is most commonly associated with the 
end-user of GGTS. The end-user can anyone from a first 
responder and forward deployed medics to medical command 
and control and medical space awareness personnel. It is 
the Field Node that provides the initial gateway through 
which medical information and services may be requested. 
This node accomplishes three tasks: 

• Gathering medically relevant information from the 
patients and facilities. 

• Make available relevant information about patients and 
facilities , and 

• Initiate Tele-medicine Consultation Sessions by 
establishing a connection with the GGTS Requester 
Node. 

The Requestor Node' 
central gathering point 
maintain communications 
Field Node it is respons 
form of mediator between 
which it is responsible 
point of contact for all 
of responsibility by pro 
Applications, retrieve i 
consultations, maintain 
Field Node/Units, reallo 

s primary duty is to act as the 
for Field Node requests and to 
links with the Broker and each 
ible for.  Thus requestor acts a 
the Broker and each Field Node for 

This node serves as the Central 
Field Nodes in the assigned area 
cessing User Requests to Start 
nformation and begin Tele- 
communication with Broker Node and 
cate bandwidth among numerous Field 
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Nodes, maintain the Status of the Communications Equipment, 
Format/Transmit Request Messages to Consult Manager in 
Broker Node, and if possible assign Medical Specialty and 
establish the required and Requested Bandwidth and 
Duration of the consultation. 

The Broker Node is the "Brains" of the GGTS.  As shown 
in Figure 2 it is sub-divided into four separate managers. 
Each one being responsible for a different management 
aspect of the GGTS. 

A etwork Bandwidth, 
Content Manager 

Module 

Consult Manager 
Module 

Decisions Aides 
Module 

Network Manager 
Module 

Figure 2. GGTS Broker Node Managers 

At a high level, the Borker Node performs the 
following brief list of  functions: 

• Receive consultation requests from Consultation 

Requester Node 

• Match requests with appropriate Provider node 

• Use Medical Artificial Intelligence (AI) to satisfy 

Field Node requests 

• Network management 

• Determine physical communications link and topology 

• Establish / Maintain permanent path between broker and 

requester base nodes. 

• Dynamically reallocate bandwidth as required 

• Maintain numerous ongoing sessions, and 

• Establish a connection. 



21 

The Network Manager Module is responsible for 
monitoring the communications networks allocated to the 
GGTS.  It provides continuous topology information to: 

• The Network/Bandwidth/Content Manager Module 

• The Decision Aides Module 

The Network Bandwidth/Content Manager Module is a 
multi facetted module that manages not only the bandwidth 
assigned to the GGTS but also the content of the 
information flowing across its allocated networks.  The 
main functions attributed to the module are: 

• To Generate/Execute Bandwidth Reallocation Commands 
based on input from 

the Network Manager and Consult Manager Modules ; 

• To Monitor and Display the Status of the Consultation 
Provider Nodes, 

the System performance(e.g. error rate, QoS) of On- 
Going Consultations 

and the Available Bandwidth in the entire system ; and 

• To Monitor and Manage Prioritized Content sent across 
the network. 

The Decisions Aides Modules provides the Broker a set 
of tools and functionalities designed to help facilitate 
its decision making process.  These tools can be anything 
from additional rule sets to automated software 
applications that keep track of specific data and 
information.  Among some of the functionalities it is worth 
to mention we have: 

• Support the interpretation of relationships between 
system dynamics and user priorities; 

• Help to determine optimal utilization of available 
resources such as Communication and Medical Assets, 
Specific Paths/Links, Available Equipment, and 
Satellite Footprints; 
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• Provide Direction to Network Bandwidth Manager Module 
(through Consult Manager) in Allocating Communication 
Assets; 

• Evaluate Consultation Requests Against: Provider/Field 
Node Profiles, Communications Availability, Request 
Priorities, and Other Mission Specific Rules. 

The Consult Manager is the part of the Broker that 
determines which Medical Providers best meets the stated 
request from a Field Node.   The main tasks of this module 
are to: 

• Receive/Prioritize Consultation Requests; 

• Querie Decisions Aides Module for requested system 
performance (e.g. error rate,Quality of Service (QoS), 
Availability); 

• Notify Consultation Providers of incoming Consultation 
Requests; 

• Prepare/Transmit Network Configuration 
Messages/Responses; 

• Coordinate Consultation Request Information among 
other Consultation Broker Server Modules; and 

• Determine which providers to assign to which 
consultation request. 

The Provider Node is the part of GGTS that interfaces 
with those locations that contain the requested medical 
support applications or medical personnel as stated in a 
Field Node Requests.   It is the job of the Provider Node 
to enable these medical personnel and applications to 
interact effectively with the requesting Field Node.  It is 
in charge of : 

• Processing Requests to Start Applications; 

• Receiving/Processing Incoming Consult Warning Message 
and Configuration Messages; 

• Configuring Collocated Communications Equipment; 
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• Hosting, whenever appropriate, Telemedicine 
"Applications" or Interface With Them as External 
Systems; 

• Launching Applicable/appropriate Telemedicine 
Applications or Interface with Them; 

• Facilitating medical personal interaction with the 
Consultation; 

• Loging all Consultation related information into a 
database; 

• Maintaining Interface/Communications with the Broker 
Node; 

• Allocating Bandwidth among Provider Node Workstations; 
and 

• Maintaining Provider User Machine Interface. 

In order for the GGTS to effectively perform its 
functions, each functional node of the GGTS needs to be 
able to communicate with each other.  This is accomplished 
through the use of a GGTS network that enables each node to 
connect to  each other.  Figure 3 shows the relationship of 
each of the functional nodes with regards to each other and 
the communications network. 

Global Grid Provider Node 

Consultation | 
Provider 
Client 
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Global Grid Broker Node 

Decisions 
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Content Mgr|   Aides  ^ 

Consult      I Network 
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Global Grid Requestor Node 

Consultation 

Requester 
Client 

IWft     '  'flfW-.' ,'   • ? 

Field Node 

Figure 3. GGTS Element Relationship 

An emerging information architecture doctrine for 
the Department of Defense, called Global Information 
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Grid (GIG) is based on a military concept called 
"Network Centric Warfare" (NCW). NCW is defined as 
"an information superiority-enabled concept of 
operations that generates increased combat power by 
networking sensors, decision makers, and shooters to 
achieve shared awareness". Information superiority is 
the capability to collect, process, and disseminate an 
uninterrupted flow of information while exploiting or 
denying an adversary's ability to do the same. The 
objective of NCW is to "translate information 
superiority into combat power by effectively linking 
knowledgeable entities in the battle space". The GIG 
was born out of concerns regarding interoperability 
and end-to-end integration of automated information 
systems within the Department of Defense. As a 
unified "system-of-systems", the GIG is the key 
enabler of information superiority. The GIG is the 
globally interconnected, end-to-end set of information 
capabilities, associated processes and personnel for 
collecting, processing, storing, disseminating and 
managing information on demand to warfighters, policy 
makers, and support personnel. 

The NCW concept is also the basis of the emerging 
"net-centric" architecture for military medical 
operations. Net-centric operations military 
operations are built around command, control, 
communications, computers, and intelligence (C I) 
systems with the specific goal of supplementing or 
replacing directed linear point-to-point information 
flows with network centered information flows similar 
to a message board. A distributed network centered 
information architecture serves as both a collection 
center for information from those generating it, as 
well as a source of information for those needing it, 
without a pre-planned or required communications link 
between information generators and information users. 
Communications systems are traditionally described in 
terms of send and receive architectures. While any 
information flow from the communications technical 
architecture perspective involves a "send and receive" 
concept, net-centric information flows from the 
operational architecture perspective    involve 
information contributions (new inputs and updates) and 
information queries (requests with accompanying 
outputs). Within net-centric operations many of the 
information deposits will be of the "transmit and 
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forget" nature (those inputting the information will 
not be concerned with who uses it) , while many of the 
information queries will be "blind" (those requesting 
and using the information will not be aware of its 
source). In order for the GGTS medical information 
and communication support network discussed above to 
be efficiently and securely implemented within the | 
Military Global Information Grid, and also be flexible 
enough to accommodate spontanenous, random, 24 hour 
consultation requests, and all four Consultation 
Broker implementation alternatives discussed in 
Section 4 below, a net-centric architecture approach 
that supports "transmit and forget" input and "blind 
query" output, is essential. 

Likewise, under all four Consultation Broker 
alternatives, the Consultation Broker must have a way 
to represent requestor, patient, consultant, and 
consultation site information, with the level of 
detail necessary dependent in part on the alternative 
chosen, and a way to represent actual and elapsed 
time. Much of the patient information can be 
described numerically. ICD9 diagnostic codes could be 
used by the requestor to convey possible patient 
problems and for the consultant to refine differential 
diagnoses, confirm diagnoses, or modify diagnoses. 
ASA codes could be used to describe the severity of 
the patient's condition and its rate of deterioration. 
Patient demographics (age, sex, etc.) could also be 
communicated either numerically or by menu choice that 
would be coded numerically by the CB. Critical 
consultant and site information could also be 
represented using ranges of ICD9 codes for 
specialties, subspecialties, and consultation 
histories. The data also must be represented in a way 
that is compatible with its reasoning methodology. 

Booze-Allen Hamilton (1999?) proposed to analyze each 
functional requirement and to generate a specific set of 
rules for it. Those rules would then form the basis upon 
which consultation and communications asset allocation 
decisions would be made. Rule generation would be an 
iterative process, with the rules being modified as the 
complexity of the GGTS system development increases. The 
GGTS would have a rule manager module, a rule-based expert 
system  that  interprets  relationships  between  system 
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dynamics and user priorities. The rule manager module 
would apply its rules to determine the optimal utilization 
of available resources (both communications assets and 
medical personnel) and to provide direction to the Network 
Bandwidth Manager Module to dynamically allocate 
communications assets. 

In their approach to the CB, the rule manager module 
would have the following functions. 

1. Evaluate requests against user and facility profiles, 
communications availability, request priorities, and 
other mission-based rules; 

2. Provide responses to requests from the Consult Manager 
Module; 

3. Provide recommendations to the Consult Manager Module 
if quality of service or level of service parameters 
cannot be met; 

4. Track network resources through interface with the 
Network Bandwidth Manager and the Network Manager 
Modules; 

5. Collect status/topology information from the Network 
Manager Module; 

6. Determine potential connectivity for paths, links, 
available equipment, and satellite footprints; and 

Determine connection set-up options such as virtual 
path / virtual circuit (VP/VC), bandwidth, ATM Adaptation 
Layer (AAL), and Forward Error Correction (FEC). 

Regardless of the system alternative architecture 
chosen, the Consultation Broker must work in close 
conjunction with a network system manager (see Figure 4) . 
The network system manager tells the CB what types of 
teleconsultations are feasible at a particular point in 
time, and handles all administrative functions necessary to 
initiate and sustain the chosen connection for its 
duration. France Telecom and INTELSAT'S successful 
development of telecommunication hardware management 
systems using G2 (ref for G2) and a rule-based approach 
support the contention that a similar methodology would 
likely be appropriate for the GGTS network system manager. 
The  type  of  knowledge  necessary to have  an effective 
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Consultation Broker, though, is sufficiently different from 
that involved in a network system manager that we expect 
that other reasoning approaches would be more effective for 
the CB than would be a rule-based methodology. 

Figure 4 

Rules are an effective way of representing and acting 
on knowledge when the action (the right-hand-side) parts of 
the rules are static and deterministic results of the 
condition (the left-hand-side) parts. The primary hardware 
components of a telecommunication network do not change 
frequently, the hardware's behavior is highly predictable, 
and the physical processes by which the network functions 
are well understood. As a result, a written procedures 
manual could be constructed to define the behaviors a 
person should follow if the network were to be managed 
manually. The written procedures manual should be adequate 
to cover almost all decisions that would have to be made as 
long as the network is functioning normally. A rule-based 
system is the computer-based equivalent of such a written 
procedures manual. Reasoning with and about time is a 
complication in telecommunications management, but G2 has a 
proven track record for such problem domains, as mentioned 
earlier, so that a rule-based artifact using that product 
is a good strategy for the GGTS network system manager. 
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The Consultation Broker's task of matching requestors 
to consultants requires reasoning in rapidly changing 
situations in which procedures are subject to preferences 
as well as firm guidelines. The decision environment 
changes because the pool of available consultants changes 
frequently. The experience and expertise of consultants who 
remain in the system evolve over time, and consultants' 
availability may change on a daily or hourly basis. There 
are advantages to routing all patients with similar 
problems to the same consultant, because the consultant 
might then be able to detect patterns of occurrences that 
are problematic. There are also advantages to utilizing 
multiple consultants for a set of patients with similar 
problems, so that more than one individual has the 
expertise and experience to deal with each type of problem. 
Rules are good for representing knowledge of the IF 
(conditions) THEN (actions) type, where the same thing is 
always done when the same situation is encountered. Rules 
are not as good for knowledge of the type IF (conditions) 
THEN USUALLY (actions) UNLESS (more conditions) IN WHICH 
CASE (actions). Telecommunication network management 
should be primarily of the former variety. We expect that 
those aspects of the CB's problem that are based on medical 
considerations are primarily of the latter; portions of the 
CB's reasoning that are based on absolute institutional 
directives might better be represented by rules. 

In alternatives or situations in which the 
Consultation Broker must select a consultant, its task to 
choose the most appropriate one of a finite set of 
alternatives. At least two methodologies, case-based 
reasoning and statistical classification, might apply to 
such a choice decision in a rapidly changing environment of 
the type outlined above. Case-based reasoning reasons 
analogically from experience. If enough consistent 
experiences exist, then it is efficient to codify the 
behavior pattern into rules. The same would be true for 
principles of the field. Medical reasoning, though, is 
traditionally of the case-based variety, so the approach 
maps well onto conventional behaviors. Case-based 
reasoning, because it retains all experiences as opposed to 
only regularities found in those experiences, has the 
ability to "learn" from what it does, if we consider 
remembering to be the most fundamental aspect of learning. 
Statistical classification also has the potential for 
resolving the CB's problem, if sufficient data and an 
adequate data model could be found. 
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3. CASE-BASED CLASSIFICATION 

"A case-based reasoner solves new problems by adapting 
solutions that were used to solve old problems...Case-based 
reasoning means reasoning from prior examples." (Riesbeck 
and Schänk, 1989, page 25) . Case-based reasoning (CBR) 
relies on analogy as its basic technique. A CBR system 
relies on a case base that includes a relevant set of past 
experiences, each stored as a description of a problem 
paired with the solution to it. To solve a new problem, a 
case-based reasoner typically first retrieves from the case 
base the case whose description most closely matches that 
of the new problem. It then extracts the solution to the 
case retrieved from the case base, adapts it if necessary, 
and then adds the new case plus its solution to the case 
base. Smyth and Keane (1998) argue that the retrieval of 
the most similar past case may not necessarily yield the 
one that is best suited to solving a new problem, and that 
deeper knowledge is required to determine what previous 
experience is most relevant. 

As a conceptual representation of human problem 
solving, the CBR approach is very attractive. It 
"remembers" all of its experiences. Unlike rule-based 
systems, it works well on problem domains that are poorly 
understood, for which there is only weak domain theory, and 
that are dynamic over time. A rule-based system provides 
answers and explains its reasoning by documenting the rules 
it used. A CBR system provides precedents, and explains it 
reasoning by citing a precedent. A CBR approach is thus 
attractive for problem domains, such a legal reasoning, in 
which human arguments traditionally proceed by citing 
precedents. A set of cases might be used by a discovery 
learning system to extract regularities and rules; see 
Corruble and Ganascia (1997) for an example of machine 
learning in a medical context. Kohno et al. (1997) 
combined rule-based and case-based systems, with the user 
and the CBR system detecting and correcting mistakes made 
by the rule-based system. Their architecture combines 
problem solving and knowledge acquisition, with the case- 
base serving to improve the rules. 

CBR has traditionally been applied to static reasoning 
problems. Ram and Santamaria (1997) proposed an extension 
of the approach to continuous domains, such as ones in 
which sensor data is the basis for reasoning. They were 
interested in robot navigation. Medical problem solving 
that  requires  tracking  information  over time,  such as 
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Ventilator management, might also benefit from their 
formalization. Spyropoulos and Papagounos (1995) evaluate 
various AI models used in medicine, and discuss their 
ethical and methodological limitation. 

CBR has been used for classification generally, as 
surveyed by McKenzie and Forsyth (1995). Other CBR 
applications in classification include Evans and Winter 
(1995) and Petersen (1997). 

To be effective, a CBR system must be able to retrieve 
the proper past case from its knowledge base and must be 
able to adapt the retrieved case's solution to the new 
problem if need be. The adaptation difficulty can be 
avoided by selecting classification, as opposed to 
synthetic, tasks, because it is logical to identify a new 
case with those cases to which it is most similar, so that 
no adaptation may be necessary. Classification requires 
recognition of features; synthesis requires the ability to 
construct an artifact from a specification. Most CBR work 
focuses on classification tasks, an area in which there are 
statistical techniques available, such as discriminant 
analysis, as well as neural network models and tree- 
induction approaches. In a study comparing CBR, linear 
discriminant analysis, and neural network models for a 
medical classification task (Musgrove and Davies, 1995, 
quoted in Watson, 1998), a CBR model performed better than 
a neural network did, and the neural network did better 
than linear discriminant analysis. 

While adaptation might be avoidable, retrieval is not. 
Retrieval of a case from a case base is similar to 
conventional database retrieval, in that a set of critical 
features must be defined for each record (case) to be 
included, and an effective and efficient algorithm for 
searching the data (case) base when desired, but differs 
from it in that database retrieval returns exact matches 
and CBR retrieval seeks to find the nearest match. Case 
representation, that is, the selection of the 
characteristics for indexing cases, is a particular 
difficulty for CBR applications, such as legal opinions or 
medical records, in which cases use natural language. 
Representation should be less problematic for applications 
such as the Consultation Broker, for which the information 
in a case could be solicited using a menu with no open- 
ended entries. Note that certain case descriptors may be 
measured on at least an interval scale, such as age, some 
on an ordered categorical scale (ASA classification of the 
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patient),  and others on an unordered categorical scale 
(ICD9 diagnostic code(s),  doctor requested for consult, 
medical center requested for consult). 

Retrieval of the most appropriate case from the case 
base requires a metric that can, at a minimum, for any new 
case and two past cases, determine which of the two past 
cases is more similar to the new case. The metric might be 
a weighted combination of distance measures for each of the 
descriptors individually, or it might be a multivariate 
function of the descriptors. For the Consultation Broker, 
the more difficult descriptors to use in a metric are those 
measured on an unordered categorical scale. Of the patient 
descriptors, the ICD9 diagnostic codes are the most 
important categorical information. The tree structure that 
underlies the ICD9 taxonomy may provide a natural metric 
for determining how similar two ICD9 codes are. 

4. CONSULTATION BROKER APPROACHES 

We identified four distinct approaches to the way in 
which the Consultation Broker might determine the most 
desirable match of consultant to requestor. Regardless of 
the alternative chosen, the Consultation Broker needs the 
following components to make it operational: 

A list of all potential consultants by name and by 
specialty; 

A list of sites providing consultation; 

A link to a network manager that indicates what modes 
of teleconsultation are feasible between a requestor and 
all consultation sites at the current time, and which will 
enable the teleconsultation once its participants have been 
determined; 

An interface to collect relevant information from the 
requestor, designed to make that information as complete 
and as internally consistent as possible; 

An interface to present the requestor's information to 
the consultant in an effective fashion; and 

A time-keeping capability and a time-based event 
trigger, to monitor the progress of the teleconsultation 
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and to initiate actions necessary to guarantee that any 
mutually desired and feasible consultation will actually 
take place. 

The approaches differ primarily in the degree to which 
the computer system controls the brokering process: (a) the 
"active broker" alternative, (b) the automatic alternative, 
(c) the e-board alternative, and (d) the "yellow pages" 
alternative. 

a. The Active Broker Alternative (AB) 

This alternative uses the CB solely to relay 
information from the requestor and about potential 
consultants to a human, who is neither the requestor nor a 
potential consultant. That third party makes the 
assignments, using the data provided by the CB. The 
"intelligence" in the CB under this alternative is in the 
selection of information to be presented to the human 
assigner, and in the way in which that information is 
presented to the human so as to make the assigner's 
behavior as efficient and effective as possible. Under the 
Active Broker alternative (Figure 5) , the human in charge 
of assignments functions somewhat like an air-traffic 
controller, monitoring and managing the requests for 
teleconsultation as they are matched up with consultants. 

ACTIVE BROKE! 

REQUESTER               CONSULT 
BROKER 

PHYSICIANS 

M         ^ ■* 

THIRD         f      ^Kk    \ 
PARTY      (    JSSm      I 

| fk 
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Figure 1 

b. The Automatic Alternative (AU) 

In the Automatic Alternative (Figure 6), the 
Consultation Broker behaves in an autocratic fashion, 
deciding on a match without user intervention. The CB may 
use one or more methodologies, such as those that use past 
experience (for example, case-based reasoning), statistical 
analysis of a database (e.g., classification), or an 
electronic procedures manual (e.g., rule-based reasoning) 
as appropriate. Independently of the methodology used, the 
Automatic Alternative requires as inputs knowledge of: 

detailed profiles of consultants, and a list of 
consultants available at the time of the consultation, 

detailed profiles of all sites providing service, 

the list of cases requesting consultations, 

a uniform coding of cases, past and present, and 

at least one assignment methodology. 

Figure 6 
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c. The Electronic Board Alternative (EB) 

Requests for consults are posted on an electronic 
bulletin board (Figure 7), and the consultants select the 
cases in which they want to participate on a first-come- 
first-served basis. As the requests are posted, the CB 
alerts all consultants in the requested specialty of the 
availability of a new case. If a case is not selected by 
any consultant within a time period that is a function of 
the urgency of the case, the CB assigns it in an autocratic 
fashion, as it would in the automatic alternative. Note 
that the consultants decide on the case assignment in this 
alternative. The requestor may ask for a particular 
institution or a particular physician, but it is the 
respondent who determines if that particular match-up 
occurs. The CB's role in supporting the matching process 
is limited to notification to all potential respondents, 
and provision to them of the information from the requestor 
so that they can make up their minds. In addition to the 
functionalities of the automatic alternative, which are 
needed if no consultant chooses to respond to the request 
for a consult, to implement the e-board alternative the CB 
requires that: 

the requests must be disseminated to all provider 
nodes along with all the data available for the 
consultation, and 

the blackboard must be kept in real time. 
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d. The Yellow Pages Alternative (YP) 

As opposed to the e-board alternative, in which the 
consultant is the decision-maker, the "yellow pages" 
(Figure 8) alternative puts the requestor in charge of 
selecting the consultant. The CB assists the requestor by 
supplying a list of available consultants (the "yellow 
pages" listing) together with background information that 
might be useful in making a selection (the "yellow pages 
ads"). As in the e-board alternative, the CB would have to 
take charge and make a selection of a consultant if the 
requestor did not do so within an appropriate length of 
time. The CB must also be capable of making the assignment 
if the requestor asks the CB to do so. In addition to the 
functionality of the automatic alternative, and a time- 
keeping functionality as in the e-board alternative, to 
implement the "yellow pages" alternative the CB would need: 

detailed profiles of all consultants along with their 
history of clinical work, 

detailed profiles of all sites providing service, and 
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the ability to present the correct subset of the above 
information to a requestor in real-time in a useful format. 
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Figure  8 

5.  AN EXAMPLE USING A TELEDENTAL PROTOTYPE 

To illustrate how the GGTS may function when it is 
eventually fielded, we developed a functional prototype 
using data from a dentistry communication system (TDENT) 
currently used by the US Army. Although the Army's TDENT 
system is purely a store-and-forward e-mail system, the 
data generated from it contains useful information to model 
and explore some of the behavior and features of GGTS. 

We used objects and classes to represent the 
information contained in the TDENT records. In the US Army 
TDENT system, those data are usually electronically 
introduced using a standard form (Form 513). The fields of 
the dentistry system contain patient demographic data, 
patient location,  referring physician data and location, 
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medical data (complaint, history, exam findings, 
preliminary diagnosis and treatment), specialist/consultant 
data and location, dental procedure codes (CDTs) and 
diagnostic codes (ICD9s). For example, the patient in 
Figure 9 with fictitious first name (fn59) middle initial 
(E)  and  last  name  (ln59)  was  involved  in  two  prior 

Thus, the patient object for FN59 E. LN5 9 
to the previous consultations,  cl637 and 
consultation  is  an  instance  of  the 

consultations. 
contains links 
cl642.     Each 
consultation class, 

■MMM1MHM 

Firstname: 

Ml: E 

Lastname: 

fn59 

SSN: 

In59 

DOB: |1965 | 

SE><:       <? Mate   r, Female 

Military Status: J20 

Military Rank: JE4 

Patient ID: [59 

Previous Consults:   cie« 
C1637 

New Consults: 

Jnjxl: 

Phone Number 

Home Phone Number: 

Figure 9. A patient instance 

Figure 10 shows the information contained in the 
structure of consultation cl637.  The information in a 
consultation is divided into three categories: 

• patient demographic and medical information, displayed 
in the upper half of the consultation information dialog in 
Figure 10, 

• specialty, diagnostic and procedural codes displayed 
in the lower left, and 

• specialist/consultant information such as diagnosis, 
suggested treatment, and specialist demographic data and 
location, displayed in the bottom right panel. 

Every consultation (known as an encounter in the 
medical arena) creates an object with the information 
displayed in Figure 10. Dental images could be attached to 
the patient record if desired. 
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Home Phone Number: 
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Referring ID: 
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Provisional Diagnosis:    IpQSSIBLE PERF. WHILE a & SH 

Referring Lastname:      | 

Date of Request: 17/24/96 

Specially 
^ 

Endodontics                    >^^^^^^^^^^^^^H 

■^^^* 
Pfoceduie Codes; 

Explanation of 
Specialty: 

Explanation of 

D3331                             ^^^^^^^^^M 

1 

Explanation of 
Procedure Codes: 

D3331 - treatment of root canal obstruction; non-surgical 
access. ■  ■ 1 M 

Figure 10. Details of a consultation instance 

Each specialist, meaning a potential consultant, 
belongs to the class "doctor" which contains information 
about the specialist's demographic information (location, 
unit to which assigned, if appropriate) and involvement 
with prior consults in the data base (past consults, 
procedures (CDTs) and problems (ICD9s) addressed in those 
consultations). Figure 11 is an example of a doctor with 
ID# 101. 
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£ Specialist Information WBSi jnjxj 

Firstname: I    Lastnarne: ID: 
101             | 

Special^   Endodontics Location:    Wur*ur9 

Facility:      Us_Army_Hospital-Wurzbui r9. 

1       CDTs: 

Assignment: Csl 1-5 

ICDQs: Consults: 1613           U D3220 522.1 
1614           — D3320 522.5 
1629 D3330 522.6 
1637 D3331 
1642 D3332 
1650 D3346 
1652 : D3347 

! 1668 D3348 
1677 D3352 
1678           —' D3410 
1679 D3421 
1688 ; D3426 
1G93 D3430 
1727 i 

1738 
1753 I 
1763 j 
1869             „I 
iq*l               ! 

Figure 11. An example of a consultant 

Doctor 101 is an endodontist who is assigned to (the 
hypothetical) unit combat hospital Csh-5. Note, from 
Figure 11, that Doctor 101 is the person who handled 
consultation cl637. "Unit" is also the name of a class, 
and each actual unit is an instance of it. The information 
represented in the instance for Csh-5 is shown in Figure 
12. Csh-5 is a deployable unit, so that it and/or Doctor 
101 might not always be associated with the same brick-and- 
mortar facility. As shown in Figure 12, Csh-5 is currently 
located at the U.S. Army hospital in Wurzburg, Germany. 
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1 £ Facility Information .-lDlx| 

Facility: j CSH-5 

Service: j Army Type: 

City: | Wurzburg Latitude:    j 49 g                 Longitude: j -9.93333333; 

State: 1 Deployment       I wurzburg 
Location: 

Country: JUSA Modality Supported: 

Codel: 1 
Code2: 1 

Close Clear Save 

Figure 12.  An example of a unit 

Facilities are also represented as objects because we need 
to know things about them in order for the Consult Broker 
to be able to support decision-making. Each actual 
facility is an instance of the "facility" class, and 
includes information such as its geographical location 
(longitude and latitude), its type (clinic, hospital, and 
so on) , and the type of teleconsultation modalities it can 
support. Figure 5 shows the data for a hypothetical 
hospital at Wurzburg. The modality information shown in 
Figure 13 is for illustrative purposes only, and we do not 
claim that it describes the capability of the actual U.S. 
Army hospital in Wurzburg. Other than latitude and 
longitude, the information about the specific facility is 
not accurate and it is only used for the purpose of 
illustration. A similar object exists for the facility to 
which the consultant is assigned in case of combat. 
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i Facility Information ffiäE^^:!. ,BN 

Service: 

Qty: 

Facility:      | US_Army_Hospital-Wurzburg 

Army TvPe:     ! Hospital 

Wurzburg Latitude: 49.8 Longitude:    j -9,93333333c 

State: 1 Deployment         Wurzburg 
Location: 

Save 

Country: JFRG Modality Supported: Audio/Video 
Store/Forward 
Email 

Codel: j APO AE 09244 

Code2: 1 
Close Clear 

Figure 13. An example of a medical facility 

The simplest type of support provided by the 
Consultation Broker is for it to function as a database 
lookup system, similar to a yellow pages directory. In 
such a case, the requestor chooses the "heading" under 
which to "look up" doctors, and uses to system to identify 
potential consultants, ordered either by their proximity or 
by their experience. The Broker doesn't try to comprehend 
the nature of the medical problem, but does collect the 
Form 513 information provided by the requestor so as to 
help facilitate the consultation process. Figure 14 shows 
an (rendered appropriately anonymous) example from the 
TDENT system. In Figure 14, the requestor asked for Oral 
Surgeon without specifying any likely procedural codes. 
The Broker, in Figure 15, offers a list of available 
consultants, where "consultant" in this case means anyone 
listed as being an oral surgeon. The list of oral surgeons 
in Figure 15 is sorted in order of increasing (great 
circle) current distance from the requestor's location. 
Because the Broker's knowledge base includes information 
about where consultant's units are currently located, it 
adjusts the proximity list if consultants are deployed away 
from their default locations. The user could have asked, 
instead, for the list to be sorted by the number of prior 
consults in the database. If the requestor had specified 
procedural codes, the lists returned by the Broker would be 
limited to specialists with experience in exactly those 
codes (if there is such data in the knowledge base) or from 
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those with experience in the most similar codes (if there 
are no exact matches in the knowledge base). 

Consult Information ^m*i 

y     |[Jöüü BOH ^^HlÖ^12T967^^^^B ■|20 
1 Doe H™"^^^ |jE4 

BäM| 123-45-6789    ^~^^^M ra^^^^^^ ■| 12345 

Consult ID: | 10000 Referring Location;   J »eck 

Chief Complaints: 

Date of Request:     110/07/2000 

Patient presented for routine exam. TOB use X 20 yr 
History: 

No kown trauma to area. Patient was asked to quit 
smoking nd return for reevaluation. 

Exam Findings: Exam doctor discovered red lesions on lower lip Provisional 
adjacent to vermilion border. Reevaluation after 10 Diagnosis: 
days, lesions still present. There are two smooth flat 
lesions, app. 4mm diameter. Photos taken and 
attached. 

erythroplakia 

Referrer:   I Firstname:   |~ Lastname: Military Rank: 

URGENCY: 

MODALITY: 

Zl 

Audio 
Video 
Audio/Video 
Store/Forward 
Email 

Close Clear 

ID:  [138 

fill 

Save 

Figure 14. A user request for an Oral Surgeon 
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. UiTS Yellow Pages ^JO|x] 

Specialty: CDTs: Referring      1 vilseck                              H 
Location: 

OraLPathology d 
Service:        |Army                               _»| Modafty: 

1      F*id 3 

CDTs by Specialty: CD DIAGNOSTICS 

CD PREVENTIVE 

CD RESTORATIVE 

CD ENDODONTICS 

CD PERICCONTICS 

CD PR05THODONTICS-REMOVABLE d 

<• Distance 

<~ Experience 

5PEC297, Landstuhl, (12 consute) 
SPEC230, Rota, (1 consult) 
SPEC366, Bethesda, (3 consults) 
SPEC156, WRAMC, (36 consults) 

Figure 15. Broker response to a request for an Oral 
Surgeon, Yellow Pages alternative. 

Recall that in Yellow Pages mode, the requestor is the 
decision-maker. The Broker presents its relevant knowledge 
to the requestor, and waits for the requestor to choose a 
consultant. Once the requestor does so, the Broker hands 
off the request to the system components that manage the 
requestor-consultant interaction. If the Broker is to make 
the decision, as it would in the Automatic Mode, it works 
its way down the list of specialists in conformity with 
organizational rules and preferences. If a human third 
party, neither the requestor nor the consultants, is to 
make the decision, in Active Broker mode, the Consultation 
Broker presents its lists to that human, and waits for that 
human's decision. Finally, in Electronic Board mode, the 
consultants are the decision-makers, so the Consultation 
Broker would post the Form 513 information to all relevant 
potential consultants and await a response from them. 
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6. EVALUATION OF ALTERNATIVES 

Independently of the methodology used to assign/select 
a consultant in a case, it is still necessary to decide 
which is the configuration of the Consultation Broker. As 
mentioned earlier, we identified four alternative 
configurations: 

Automatic (AU), 

Electronic board (EB), 

Yellow pages (YP), and 

Active broker (AB). 

As in the majority of real life situations, making a 
decision about the configuration of the Consultation Broker 
involves not just tangible benefits and/or costs but also 
intangibles which need to be included in the decision 
making process. The measurement of intangibles was not 
possible until a few years ago when Saaty (1977, 1986) 
developed the Analytic Hierarchy Process (AHP). This 
theory is based on the use of relative measurement to 
construct ratio scales, which can be combined in hierarchic 
structures to yield nonlinear approximations. The theory 
is based on three principles: decomposition (construction 
of a hierarchy or network of interactions), measurement 
(development of ratio scales) and synthesis (hierarchic or 
network composition. This theory requires expert knowledge 
to develop the decision making structure (i.e., the 
hierarchy) and to assess the relative 
importance/contribution of the criteria and the 
alternatives (i.e., ratio scales from pairwise 
comparisons). As an illustration of how the alternatives 
could be evaluated, we give below (Figure 1) a simple 
hierarchy of objectives, criteria and alternatives that 
could be used by a group of experts to evaluate the four 
alternatives. It is important to note that this theory 
does not have the same shortcomings as some other theories 
such as utility theory or outranking methods. The AHP 
allows for intransitivities of the decision-makers and 
hence, the logic behind it must be non-monotonic which 
allows for new facts not necessarily consistent with all 
other existing facts at the time of a decision. 



45 

The selection of an alternative could consider the 
following four objectives: 

Optimal utilization of resources 

Maximum accessibility of service, 

Quality of care, and 

Readiness. 

These objectives could in turn be decomposed as in Figure 
16. Below the level of objectives we should insert a set 
of criteria which will help to measure the contribution of 
the alternatives to the attainment of the objectives. 

To evaluate the four alternative configurations we 
first need to assess the importance of the objectives, then 
the importance of the criteria with respect to each 
objective and finally the relative importance of the 
alternative configurations with respect to each criterion. 
The results of these comparisons can then be combined into 
a unidimensional scale which will indicate, in relative 
terms, the importance of the alternative according to all 
the objectives and criteria. This evaluation requires 
knowledge and experience on the alternative configurations, 
which is not yet readily available. It is the subject of 
future research. We propose to select four cases to 
illustrate the four configurations and show their 
weaknesses and strengths. A good example of a case similar 
to this one was summarized in Vlhakis and Partridge (1989). 
This publication is a summary of a larger study conducted 
by the U.S. Department of Energy and the Office of the 
Inspector General to determine the adequacy of security at 
selected U.S. Department of Energy facilities that produce 
nuclear weapons. The AHP provided a flexible tool for 
assessment, planning, and allocation of resources for 
enhanced security. 

Note that to obtain a synthesized scale for the 
configurations we would need to combine the individual 
scales obtained under each criterion (see for example Table 
1) . 
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Resources 

Desirability of Alternatives 

Access to Care Quality of Care Readiness 

Comms • Provider                   • Attending • Individual 
Provider • Patient                      • Consultation Health Rdns 
Patient • Remote Fac.             • Outcome • CINC's Mission 

j^s Criteria jr 

Automatic Electronic         Yellow Active 
Boai rd                Pages Broker 

Figure 16. Consultation Broker Alternatives Hierarchy 
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Using the principle of hierarchic composition, the 
relative standing of the configurations would be given by 
the configuration priority (CP): 

CP(l)  =  ityUj   +£aijaj   +£cyCj   +  fjyTj 
y=i y=i 7=1 y=i 

Resources + Accessibility + Quality + Readiness 

7. CONCLUSIONS 

In this paper we describe a global telemedicine command 
and control system (GGTS) under development that will enable 
telemedical consultations to occur anywhere in the world, 
regardless of location or transportation medium. The GGTS 
consists of four distinct functional nodes: Field, 
Requestor, Broker and Provider. Each one of these nodes 
provides a specific interface to the communications network 
that supports medical operations across the Operational 
Continuum. This paper concentrates on the Consultation 
Broker (CB) component, which is operationalized using 
Artificial Intelligence methodologies such as case-based 
reasoning and classification theory. The CB is an object 
oriented global teleconsultation system designed to route 
incoming requests for consultation to the appropriate "on 
duty" medical personnel. It may adopt one of four 
alternative architectures described: automatic, active 
broker, yellow pages and electronic board. We illustrate 
the data structures used in the CB and how these 
architectures would handle different teleconsultations with 
data from a US Army Teledentistry system in operation. 

Many of the concepts embedded in the Consult Broker are 
new, and hence they are evolving as data become available. 
In general, there are "common sense" specifications that we 
would like the alternative configurations to satisfy. These 
requirements will be refined once working prototypes of the 
configurations are available. In general, the Consultation 
Broker architecture should: 

(1) Be a virtual link between healthcare providers and 
medical centers for 24/7 Telemedicine Consultations. 

(2) Leverage   existing   and   available   military 
telecommunication  infrastructure  backed  up  by  civilian 
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networks to provide remote military health care providers 
with Telemedicine access to consulting physicians at 
medical centers. 

• System must function with humans to enhance their 
efficiency 

(3) Provide centralized transparent network management and 
consult routing with knowledge-based system technology. 

• Dynamic and flexible 

• Deal with uncertainty 

• Adjust to change 

• Similar to telecommunications routing system for phone 

calls 

(4) Have mirrored capability for Consult Broker 
Architecture to ensure that if the initial consultation 
broker drops off-line, the consult in progress is 
maintained and new consultations are rerouted to the 
alternative site. 

(5) Be sensitive to requirements of all potential 
customers, who include, at a minimum, the patient, the 
primary care giver, the Physician at the GGTS control 
center and, the Consulting Physician at the Medical Center. 

(6) Be able to be responsive to and incorporate current and 
future policy decisions. 

(7) Be continuously aware, along with Network and Bandwidth 
managers, of the state of physical resources and be able to 
respond to unexpected changes in the availability of those 
resources. 

(8) Be able to recognize the criticality of the request 
(life threatening) and have a time management capability to 
clear requests and/or upgrade previous requests after an 
elapse of time. 

(9) Remain in standby mode until initiated, making it the 
triggering mechanism of the GGTS architecture. 

(10) Once initiated, evaluate consults predicated upon: 

• Patient Information to include initial diagnosis and 
criticality 
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• Attending Primary Care Giver requirements 
• Knowledge of physician based protocols 
• Network and Bandwidth resource availability 
• Operational Policies 

(11) Provide a medical decision maker with a list of 
prioritized options with whom to initiate the consult. 

(12) Augment  its  knowledge  base  with  the  results  of 
completed consult case information. 
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Appendix 2: 

May,   Vargas,   Johnson,   Gilbert,   and  Uli,    "Global  Grid 
Telemedicine  System,"   presented at ATA Fourth Annual 
Meeting,   Salt  Lake City,   Utah,   1999 

1.                                                                               2. 

Global Grid Telemedicine System 
(GGTS) 

What is GGTS? 
The Global Grid Telemedicine 

System (GGTS) is a proposed Global 
Telemedicine Command and Control 
System (Zajtchuk and Zajtchuk, 
1996) that will enable telemedical 
consultations to occur anywhere in 
the world, regardless of location or 
transportation medium. 

*^                    Dr. Luisti. Varjias                     l_Jx 

"„«^^                 Dr. Susan Johnson                     -"^^ 

V      «A                         ■!,.!-.   ..lhlKbl.ls.il                  P      ffc 
^      |f                Dr. (larvdillvrl                     % ^» 
'                                   X :-! ,«l)                           r 

Dno Uli. M.S.SM 
\ 1 KC 

3. 4. 

WHY IS GGTS NEEDED? 
• Historically, the military medical 
community has had limited access to 
tactical and strategic communication 
systems.  Increased use of telemedicine 
has previously resulted in the 
employment of expensive, stove-piped 
communications. As global telemedicine 
operations are incorporated into doctrine, 
the need for a reliable, scalable, rapidly 
adaptable virtual network is becoming 
apparent. 

WHY IS GGTS NEEDED? 

• ...a communications network alone 
is not adequate.    A consult routing system 
which considers Command guidance, 
availability of resources, physicians' 
preferences, and medically sound 
consultation practices is essential to 
effectively route telemedicine consultations 
to the appropriate consultant. 
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6. 

BOSNIA EXPERIENCE 

...providing a reliable back-bone 
communications infrastructure is not enough. 
More flexible and responsive network 
'Management and prioritization policies and 
procedures as well as end-to-end systems 
integration services and support are also 
essential." 
- Telemedicine Report: Case Study of Operation 

Joint Endeavor in Bosnia 

GGTS Concepts 

•.i<>n support s\ 

.111(1 ,l\ 

Oiks to |)l"0\ 

\c<! up in 

• Consultation Broker Server and Network 
Manager do not have to be co-located but must 
l>€ integrated. 

7. 

What Knowledge Does GGTS 
Need? 

A list of potential consultants 
A list of sites providing consultation 
A link to a network manager with feasible 

modes of consultation 
An interface to collect relevant information 

from the requestor 
A time keeping capability and 
A time-based event trigger 

10. 

What Information is Needed for a 
GGTS Tele-medical Consultation? 

- Modality (e.g., audio, real-time full motion, 
store-and-forward) 

- Patient demographic data (e.g., name, date, 
location, age) 
- Consultation specific data (e.g., requesting 
physician's specialty, consultation urgency, 
subspecialties requested, type of equipment 
used or available, history of present illness, and 
current differential diagnosis). 
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11 12 

WHAT IS CASE-BASED 
REASONING? 

Patient Case Base 

CBR is [...] reasoning by remembering. 

A case-based reasoner solves new problems 
by adapting solutions that were used to solve 
old problems. 

Riesbeck & Schänk, 1989 

13 14, 

15. 16 
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17 18 

~GTS Alternative 
Configurations 

Automatic (AU) 
Active Broker (AB) 
Electronic Board (EB) 
Yellow Pages (YP) 

19 20 

ACTIVE BROKER 
PHYSICIANS 

ELECTRONIC BOARD 
PHYSICIANS 

REQUESTER CONSULT 
BROKER 

SEQUESTER     CONSULT 
BROKER 

THIRD 
PARTY -m 

21. 22 

Criteria for Selecting the Best 
Configuration Alternative 

Optimal utilization of resources 
- Maximum accessibility of service, 
- Quality of care, and 
- Readiness. 
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23 24 

bva iuation of Alternative 
Configurations 

Desirability of Alternatives' 

i lesources   Ac cess to Care   Quality of Care     Readiness 

• Jomms             • 
• ■ lovider            • 
• -atient              • 

F-   ..,:~i                   -Attending               • IndividLial 
r'.i::-r!                     •Consultation          -Health   Reins 
h-'-\'!eFac             • Outcome                • CINC's Mission 

'.---^-' •■-    3„   "~"'"~~r-^! "   ~   ~Vr~~\y 

Automatic Electronic         Yellow           Active 
Board              Pages           Broker 

25 26. 

d(; IS Concept 

0- OMoytfTACSVT 

27 28. 

( OIKIUM ms of ii<r I S Feasibility Stuth 

•     Mililan b. 
b\ uiimntix i; 

tiuluUllh used on vpiK't available basis backed up 
1 bandwidtb is must feasible -.ululimi. 

•    Cf>T\ reqt 
f:rh\ t < n and a 

ut^ d\nn»iu and tiansparenf bandwidth allocation 
many militar\ and commercial attfttttttnwatiofi 

<     (,(, [S i-vq litres multl-le\fl network seturit\ - 

'>(; / t'qtfir?1 multiple rea^ofun^ and kno^ led^e 

•     it is T* rb 
tritt '■fH'tmtttc 

for pnn tdttiy < 
f<-r -i <nid-^ tde 

>tcnli\ fettsthh' to leverage the existing robust 
itioti'- mfir^trnrtifie tit Site-K nnd/m lnii Uetrick 
o*l etftditt. ttmahle bandwidth network support 
Tclenteduiae consultations 

Automatic Alternativ^ 

DM: Computational Model 
ROLE of CB: Assignment of consultant to 

requester w/o human intervention 
OBJECTIVE: Enforce managerial constraints 
CONS: Autocratic, depends on assignment 

methodology 
INPUTS:        - profiles of consultants & sites 

- list of consultants available, 
- list of RFCs, 
- an assignment methodology. 
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) Active Broker 

DM: Third party human 
:K)LE of CB: Intelligently support DM 
OBJECTIVE: Make the assignees behavior 

as efficient as possible. 
DONS: Assigner stress 
NPUTS:        - profiles of consultants & sites, 

-list of RFCs, 
- audit trail capability 

31, 

Yellow Pages 

)M: Requester 
K)LE of CB: Route proper consultant info to 

requester 
MTJECTIVE: Make right consultants available 
to requester & make sure a consult happens 
X)NS: "Best" consultant not guaranteed 
NPUTS:        - profiles of consultants and sites, 

- selection model 
- real-time blackboard 
- assignment methodology 
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30 

DM: Consultants 
ROLE of CB: Route requests to proper 

consultants 
OBJECTIVE: Make requests available to the 

right people & make sure a consult happens 
CONS: "Best" consultant not guaranteed 
INPUTS:        -list of RFCs, 

- routing model, 
- real-time blackboard 
- assignment methodology 

32 

- Case-based Reasoning 
A case-based reasoner solves new proL 

adapting solutions that ivere used to ; 
problems...Case-based reasoning me 
from prior examples" (Riesbeck and £ 
page 25). 

- Rule Systems 
- Classification theory 

- Statistical classifiers 
- Neural Nets 
- Machine Learning 
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Appendix 3: 
May, Vargas, Gilbert, Uli, Rocca, and Jacobs, "GGTS 
Consult Broker," presented at the ATA Fifth Annual Meeting, 
Phoenix, Arizona, 2000 
1. 2. 

GGTS Consult Broker 
JerrOld H. May, University of Pittsburgh 

LlliS G. VargaS, University of Pittsburgh 

Gary R. Gilbert, University of Pittsburgh &TATRC 

OrlandO J. Uli, U.S. Army MC4 Program 

Mitra A. ROCCa, University of Pittsburgh & TATRC 

William G. JaCObS, University of Pittsburgh 

ATA Phoenix, 23 May 2000 

Structure of this merged talk 

Why are we doing this? 

Last year / this year 

A flow chart for the Consult Broker 

The Consultant Generator & interfaces 

6 examples from a Tdent prototype 

A naive classifier 

Where do we want to be next year? 

4. 

Goals of this project 

System - to make the management of 
teleconsultations more efficient and 
more effective 

Research - to learn how case based 
reasoning can be combined with 
management science techniques in 
decision support 

Last year / this year 

Last year: defined the scope of the 
problem, figured out four interface 
modes, and identified probable 
methodologies 

This year: worked on a teledental 
(Tdent) prototype using real data to see 
what actually works 
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10, 

11 12 
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13 14 

;ONSULTANT GENERATOR CONSULTANT GENERATOR 

Can we give th> 
exactly what h 

:   ! Send Info to Consultant @ Location 
1 via requested/available modality 

15. 16, 

17 18 

Types of Teleconsultations 

Type 1: Requester will almost certainly refer 
patient; purpose is administrative; precise 
medical problem not critical 
Type 2: Requester will almost certainly 
retain patient; purpose is medical; specified 
problem very likely to be accurate 

Type 3: Requester will retain patient if 
routine: specified problem may be only 
approximate 
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19 20 

Examples from a 
system based on 
records of the Army's 
TDENT system 

Example 1 
"ype 1 TC, peacetime 

21 22 

GGTS Alternative 
Configurations 

Yellow Pages 
Electronic Board 
Automatic 
Active Broker 

Requester 
Consultants 
Computer 
Third Party 

YELLOW PAGES 

REQUESTER      CONSULT 
BROKER 

THIRD 
PARTY 

PHYSICIANS 

23. 

^■ihU» ^■m^_^~^^^M 
^Hmut«  ^B        ^■|CN 

fcmj 
C«n»dt C: [Töirö RmmnoLocwoir    ma* DMt of Bas uest     |gn7/96 

24. 

.=iSJ*j 

KI«*Wig       llfö*                                   -1      »KBWi   IflMiirary                         »|        U>IU    1 

S"*"      [*<r                         JLJ    htai*" 

|i.«..| 

eOTtb).!p«Ulv: 1111 i 
111 § g 

"    "^ 
C3 PnOSTHCOONIICSflENOVMlE ^ 

SPOMUST5: 
.urtEj. SPEC369, wurztxfg. (19 consuls) 

"MM. SPEC303, Wur**fg, (75 ctraJG) 
SPEC 103, Wuribijg, (63conaJts) 
SPEC 1B2. UreJMuM, (9 ccm*s) 
SPEC207, Lands«*, (4 araJs) 
SPEC295, Lakenheatfi, (1 ccreüt) 
SPEC 22S, Rota, (IconaJt) 
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25. 26, 

State: 

Courtry:    [^ 

<-oäel:       |APOAE09*64— 

Code2: |S" 

La*udo:    152.41666667     l«»*"*:    j -0.516666667 

^^m^^HJiHH 
5k?.: •_:. ■ 101 XI 

1-aOKy:      | c^ie 

Serves;     1 T»po: 

«V!          |L*mt»th ""«"!    |52.«1M6667    "nonne: -.516666667 

State;        1 ^-r
J,

h
J.-^-rt      | LatanhMtt) 

amnrry:    ij( Modaty supported: 

Codel: 

Code2: 

dose                        Ckw |[       5*.       j| 

^^^^HBBH 
27 28 

ELECTRONIC BOARD 
PHYSICIANS 

REQUESTER               CONSULT               /■■t*\ 
RROKFR                 /       S&        A 

IfeSM / 

THIRD           ^Mk 

V 
PARTY     ^Jg 

I J*l 

SBcy      Modality Request poseuig Tita* 

10Q04 Fort De trlckProst ho do ntica 1207 K/15/9B               i 

IC003 lUMhe lip  EEQ3thodOBtl£3 () 1201 S/S/98 

10002 Wucibnt iorlty 1) 1201 11/11/98 

IG 001 Vllaecl 0 1201 

10Ü0G 1200 9/17/98 

29. 30 

ÜHlVUSli'                            | ||A   J^jTwo 
^■inTJJ/ 1 F" H^ ■^^^^^^^■^^■■■^^^^^^^^^^»^J 

Da» nf Request    [gigjgB 

FT WOULD UPLE TO H»VE «20d EXT FOR OH 
REASONS  iffiVPTOUATICAirHKTWE. PT 
WOULD THEN LIU AFTO OH IMflAN! F 

10 THE WS TAL 

DO AM PLACED APR 97. JJimCUU AOE55 

«aOdEXT FOR OH REASONS 

IkiiiiiMB^iMaUllteeeeeeeeeeeeeeeei^ik» 
HHl Pnnlratfonttn              H(1D 

Qgnrnj               ~~-UM 
SS|f|§|f|D0,6tl                             ^^ 

inn £3 
BMStrrr" f! 
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31 32 

AUTOMATIC 
PHYSICIANS 

REQUESTER CONSULT 
BROKER 

THIRD 
PARTY 

ACTIVE BROKER 
PHYSICIANS 

REQUESTER               CONSULT                            Hi 
BROKER                       =M 

us«              ^< 
M^H                                     \ ■B 

THIRD        /       ^K* N\ 
*^8 

PARTY       1     _-^5! 4£=3fll 

33 

Example 2 
Type 1 TC, wartime 

(numbered medical groups 
may have been deployed to 

other than their usual 
locations) 

34 

C«n*ult ID: pTJür fWarnno I DilBOfRNmst     JDSrtBQMQ 

35, 36, 

^^^^^^^^^H 
BBS"'. ' . ^lOJj^ 

haoryi     | csn-it 

Service:      1 Typ«: 

Oty:          | Laauae:    126.302             longtuda: | -50.133 

State:       1 
Locctixi:             J 

<*«*yi    | Saud Arabia Modaky Supported: 

Codel: 

Coda2: 

Oose                       Oear |l   «•   l| 

^^^^Bjjjjlj^l 
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37 38 

*w*r' 

BSEEI^^" jaj*j 
M*m)     \ri»*                            2] 

*™   ifcrr             J 
1 « 1 

OT(t*S»d*ty 

;D
D

D
D

D
D

 J 
J 

SPECX3, Wiwburg, (75 corsJE) 
SPEC369, WuritUfl, (19 ccnsuta) 
 Wurcburg:(63conaJts) 
3JECtBZ,LandJü*1, (9ooroutj) 
SPEC207, (jndstiH, (4 wmte) 
SPEC225,R0Ü,(lCCrRJt) 

For Examples 1 and 2, Broker 
needs to know 

• Is the specialist associated with a fixed 
installation or with a deployable medical 
unit 

• If a deployable unit, which one 

• Where each deployable unit is currently 
located 

• Geographic location (latitude, longitude) 
of each fixed installation and of each 
deployed location 

39 40, 

Example 3 
ype 1 TC, wartime, special 

organizational rules 

For Example 3, Broker also 
needs to know 

Atypical organizational structures (task forces) 
Atypical administrative rules for handling patient 
Similarity judgements for specialties and 
subspecialties 

41 42 

Example 4 
Type 2 TC 

natches in case base 

Request is for a real time consult for a patient who 
requires CDTs D4314, D4240 and D4263 

Example 4 
Type 2 TC 

Exact matches in case base 

D4341, 
D4240, D4341    D4240 
& &            &            D4341 D4240 D4263 

ID    Location D4263 D4240   D4263   only    only only Available 
3 FortDetrick 1 Now 

100 Wuerzburg 2 4 +16h 
203 Vogelweh 1           2            1 +2h 
278 Leighton 1 1                       11 +12h 
378 ForEustis 1 Now 
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43. 44 

icsg 

CDEMX»0W*3 

CD wosmooowKs-dEfOwwu 

SPK27B,LOS(TtDf1, 
SP£ClOO,Wurzbug, 
SPEC203, Vogefcreh, C231B 
SfeC3:FortDetrtcfc, 
gjEC37B,FortEuste, 

JOJJU 

Wrtt    Www,                    *     s-ci*t   Poutma                  H     corn    »34UM2 
louBoni      '                                       —'                     '                                       _i                   I 

5***:       [in,                             ^    l*d*«y; 

IL.J**_. 

CDrtbtHpntaly: Cac«*«ojncj J!J 
OPttfWfTM! J QftHTCGATIW 

QnoceoNncs 
CD PEmccoNucs 
CD pnosmooofiiicsflEwvAaE 4 

SPCCUUST5: 
;.... F.. 

3>eC278,Le#ltt>n,C2162 

«Km. SPEClOO,Wuf*ug. 
5PEC203,Vcg*«ri, 

<~ EnMfen» SPKS.FortDrtlek, 
5PK37B, FortBJSte, 

45 46 

W*"S      |Hc*w/rt 

Ca rastawnw 
CD MODONTTCS 

CD PBTOOONtlCS 

CD WOSTHCOOMKMEWWMtf 

S5OTÄU5T5: 

SPeC27B,Lö^TtDfi,Cl69S 
SPK100, Wurzburg, C1706 C1771 
SPEC203,Vog*reh, 
5PEC3, Fort Dew*, 
SPEC37B,FcrtEusK, 

Jfljjcf 

l™0on. 

-j    fed«?: 

IC*L3 

mubySpstUlty: CDDwacsr .d 

CDRESTORATM 1 
Ca E>rccc*incs 
CD pefuoootmcs 
CD MOSTHOOOHTTCS-WMOVMU: j 

S:.IF..-: 
KCUWSre: 
g5K27e,Lfi#ltt«,C1695C172-lC1777C1339C1922C2I62C2225C2228C2251C2305C2 

*w™ SPEC1Q0, Wuraburg, C1606 C1706 C1723 C17X C1771C1917 C2034 C22B8 
SPEC203, Vogrtwh, C22W C2463 
SPeC3.FortDe(rKk.C1737 
SPeC37e,FortEustt5,C2411C2«l 

47 48 

CDouoKwnes M 
CDMRWIT« 1 
CD KHTOHATTW J 
CDP*OOONTICS 
QpoKcowma 
D «KMWOOONTKSaETOWWUI i 

9CEUUSTS 

SPEC27S. Leoncon, C1695 C2162 
SPKIOO, WLTZburg. C1706 C1771 

SPK203, Vog*«h, C21S4 C231S C24H 
SPKS.FortDetrKfc, 
SPK379,FortEustB, 

Example 5 
Type 2 TC 
match in case base \io exact iTiäi 

Request is for a teleconsultation with endodontist for 
a patient who requires D3333 (internal root repair). 
There are no patients in the case base with that CDT 
code. 
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49 50. 

Derived Stimulus Configuration 

Euclidean distance model 

1)3910 
d3950 

(J3450 
dM30 d34M 

„ da BUS ^»"^2 

-1 «34S920 

CJ    -2 
c o 

5   -3 o 
E 
Q    -4 

d39 » 

Dimension 1 

CDTs X / 
D3910 -2.2459 1.0839 
(D3460 D3470) -2.1906 -1.3184 

D3920 -2.025 -1.3984 
D3450 -1.6023 0.1843 
D3430 -0.8711 0.5881 

D3950 -0.4368 1.3583 
(D3410 D3421 D3425 D3426) -0.3692 0.4285 

D3999 -0.0661 -3.5689 
(D3351 D3352 D3353) 0.0262 0.2046 
(D3346 D3347 D3348) 0.1406 0.1825 
D3333 0.8989 0.3301 
(D3310 D3320 D3330) 0.9146 0.2782 

(D3230 D3240) 0.9257 0.24 
(D3220D3221) 0.992 0.1267 
(D3110D3120) 1.0429 -0.3543 
D3331 1.4935 0.2396 
D3332 1.5465 0.0867 

51 52 

CDTs most similar to D3333 

D3310(RCT, D3230(Pulpal D3220 
Anterior) D3320       Therapy, anterior)   (Pulpotomy) 
(RCT, Bicuspid)        D3240 (Pulpal D3221  (Pulpal 
D3330 (RCT, molar) Therapy, Posterior) debridement) 

ID     Location 

25 Hanau 
54 Heidelberg 

101 Wuerzburg 
291 Lakenheath 
362 Baumholder 

364 Pentagon 

370 Leighton 

o 0 
0 1 
0 2 
0 

 o 
0 

0 
" o';"" """"" 

0 

QpEnrcoonncs 
a PK&WOOOHJKSJiBKtMU 

spea*usrs: 
SPEC370, L&fmn, 
SPKlOl.Wuritourg, 
SPECW.Hddeberg, 
SPEC 25, Hanau, 
SPEC362, Baumholder, 
SPEC291,L*er*ieatri, 
SPEC 364, Pentagan, 

53 54 

JO]*] 

mf**i      |ttohenMl ^|     H»o*r:  [tntatrtO                       »J       U>l>!    |0J310 

irsm 

ÖM51 pan 04ul lUfrlkn«^ frbwy »id ptrfMflart li*h.. 
pi4>illfviw(invbrt*M4-irl*ln,piliiwvtoaHi(fiAidbiglh]|r«l««tari]. 

puMUawr (>«orti*to ItooJ - potfvtor, ortnwy toolh («tiVg fad iMvitkm). 

d 

amm 
,s~ 

baisad («dudng frti ndvtfDn]. 

J        J 
»MMLBTS: 

SPK370,L«ghCD 
SPEC 101, WurÄi 
SPECW.Hefcttb« 
SPEC 25, Hanau, C 
SPEC362, Burnt) 
SPKSi.utanh 
SPEC3S4,PenOg 

fl,C2290 
2221 

alder, C2312 
eaffi. 

EC .=15i«i 

Location.       '                                       —'                     '                                       —'                   ' 

9*r«»:       ^                             ^    mm: 

LJ«_J 

;  CDT.tvft«WI^ MSTOI*MIW 

BKOoamtc 

QoaisQ-pJ 

ß03»l-<jn 

p c«j - fcdkKt <odudng tut natoreUn). 

il 

« pupil (MiidBiw«, prtwy n) paiMW* t Mth.. 

,        .r" 

SMKUUSTS: 

~ Exprtrt* 

SPEC370,LSghm 
SPEC 101, Würzt* 
SPK54,Heidsbef 
SPEC 25, Hanau, 
3>eC362,Bajmh 
SPEC 291, Latenh 
SPEC 364, Pentag 

n,C2341C2430 
rg,C1666 
'S. 

*Jer,C2231 
eath, 
on. 
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55 56, 

Example 6 
Type 3 TC 

Jncertainty in CDT code 

Requester asks for a periodontist, and specifies 
D4341, but isn't certain of it. By multidimensional 
scaling, D4355 and D4910 are similar. 

!  COTH^SJ 

|HrflHtfs ,                         ,j     »WAY:  Itwajwö                      ^J       tDIi:    |m», 

\tar 

" CKwa 

|I_«_J| 

rj)MSM-(«M»lonäl*Mlnfl-Wriraro[Ml.                                                                                                                              _?J 

Q WK1 -pKMWnrt*>HlnQ  MiracoroniL 

Q W»l-l0C4»^d<i»^ddwi"e«ip«"i^e™aartroM™'M»v«lrtrtD!»^ 

«r                                                                             i »i 

SPECUUsrs: 

a=KZ78. LOtfltDTl, C1695 CI724 C1777 C1B39 C1922 C2162 C222S C2228 C2251CZ3D5 CZ 
SPKlCO,WUitXjrg,C16O6CI7O6C1723C1730C1771Ci917C20XC23BB 
SPK2Q3, Vogetwh, C22M C2463 
SPEC3, Fort Detrlek.C 1737 
SPEC378,FortBjsttS,C2411C2461 

57 58 

r^~i 

SKOU1STS 

S>K27B.UightDn(C1940C1992C1993C2352C2360 
SPEC 100, Wurzßurg, 
SPK203,Vog*wh, 
SPEC3,FortDrt1cfc: 
SPEC378,FortBJStn, 

L3 w M L - ctnettnui Kdng md loot ptoncg, p«r qu»i 4 

-QMMl-l>cilWddMMrydct«mth«wMKN«Mvi 
Do«lo-MHo*rulir*ntBi«K»woc«d»w(r*i*ig 

Q D«BO ■ mtfadM *«mg cNnga (by »men* «hs 

« cantraM nlH» v*Ndi hU dtMMdffMCL 

,.r* 

SPECUUS«: 

SPEC278, LetfitDn, 
SPEC 100, Wurzbu-g, 
SPECZ03, Vogehreh, 
SPK3, Forte««*, 
EPEC378, FortEustB, 

59 60, 
HE 

Overall performance 

Predicted (row percentages) 
Oral Oral 

Actual                Endo Surg Ortho  Perio  Prostho Path Total 

Endodontics                        91% 2% 2%       0%         5% 0% 57 

Oral Max/Facial Surgery     2% 66% 9%       1%        10% 12% 163 

Orthodontics                        1% 16% 70%      1%        12% 0% 77 

Periodontics                         9% 4% 10%     40%       26% 12% 93 

Prosthodontics                   4% 4% 10%     11%       71% 0% 92 

Oral Pathology                   4% 10% 0%       0%         2% 85% 52 
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61 62 

Classification Example 1: Single 
dominant category 

A3* 
g^^r^ri^.. . £H; 

QUOTEHERE REFERRAL FROM LTC LUTKA 
SEM1COLONHERE NO CC COMMAHERE LESION 
PICKED UP ON ROUTINE EXAMINATION 
QUOTEHERE 34 YR MALE PRESENTS WITH 
ASYMPTOMATIC UNILATERAL PALATAL MASS 

'I VICINITY OCTOTHORPEHERE 14-15 PERIODHERE j- 
l DURATION UNKNOWN QUOTEHERE 8 MM 10 MM | 

FIRM SWELLING NOTED ON PALATE IN THE REGION     ;' 
OF OCTOTHORPEHERE 15 PERIODHERE I 

nrnftPAPWRDFycAi BAmnPAr.iTV Ji\ 

*«tfA'.' "!□ * 'c<™ (WltW^SSB '^SfilMi* 

Glass Scores! 

ORAL-PATHOLOGY 33.623 
ORAL-MAX-FACIAL-SURGERY -2.936 
ENDODONTICS -4.076 
PROSTHODONT1CS -8 055 
PERIODONTICS -8.417 
ORTHODONTICS-10.14 

m 
'  SpSClWt>   0r«> M« Ftdsi Surtirr Sflwufty. EndOdortlci 

ROOT 23.076923 
POSSIBLE 23.076923 
B 21.153847 
ON 38.46154 

Classification Example 2: Two 
dominant categories 

ail« ■■ijteöR., 

■Actual! 

?&&%& 
'Oral -iMax ■ -i^aci at --Surgery - ■ 

m 

; PT IS UNDERGOING ORTHODONTIC TREATMENT 
J AND WILL BE HAVING ORTHOGNATHIC SURGERY 
}. PERIODHERE HE WAS SEEN AT WURZBURG FOR A 
:'i CONSULT AND IS NOW READY TO HAVE HIS 3D 
1 MOLARS AND SUPERNUMERARY MAULLARY 
.- LATERAL INCISOR REMOVED LEFTPARENHERE THE 
:| ONE WITHOUT A BRACKET AND WITH A ROOT 
■', CANAL RIGHTPARENHERE PERIODHERE HE HAS 
.. REQUESTED TO BE SEEN AT WURZBURG FOR THE 

■ PYTPAf^TlflMS IF PfYWIRIFPPBIftnWF&F THANH 

QÜjtüT   ■?§ .' ■;:'. ctm*uit:iq^... -'2]i':$l ;^ 
^sbacläitjr .orttiixiobHci   "   ]/^■'i'^^t^:'i^^^«^tir^'. 

^^^■^fC:;:.-.-^?*l 
'cfas^ Scores!".:' ■ 

ORTHODONTICS 7.930 
0RAL-MAX--FACIAL-5URGERY 7.101 
PROSTHODONTICS -0.609 
PERIODONTICS -4.167 
ENDODONTICS -5.073 
ORAL-PATHOLOGY -5.19 

&gJBti jiifitf filÜ i' 

HAS 69.23077 
HIS 26.923077 
HAVE 36.53846 
SEEN 21.153847 
HE3B.46154 
TRFATMFNT F1 97^*177 

POSSIBLE 23.076923 
HAS 55.76923 
MOLARS 40.384617 
HAVE 26.923077 
TREATMENT 51.923077 
DRTHonnNTIC SI 0 

Hciri-ord.,  3 

HAS 40.384617 
HAVE 36.53846 

Ö PT 26.923077 

63 64 

Classification example 3: 
No dominant category 

&-^-c-*-y; \:. -. ' 

'■■. JAY COMMAHERE PLEASE EVA. AND MAKE 
RECOMMEND AT ON FOR ADDITIONAL SLICERY 
PERIODHERE H>C OF FLAP SJRGiRY AND DISTAL 
WEDGE IN APRH 9fl - MANS RT PERIODHERE QUAD 
"ERICDHERE PO 6MM+ MAX 97 COMMAHERE MANO 
RT COMMAHERE MANO -£T COMMAHERE GRADE 1 
FURCAT10MS MAND LEFT ANO RT PERIOOHERE 
LOCAUZED MODFRATF ADUIT PER1000NTITIS 

'( Cldss Scores:' 

ORTHODONTICS *. 774 
PERIODONTICS 1 472 
ENDCDOVncS 1 304 
PH0STH0D0NTI2S-0 574 
ORAL-PATHOLOGY   1.691 
ORAL MAX FAC ALSURGERY -2.284 

In the next year we want to... 

Extend the breadth of the prototype - 
how representative is TDENT of the 
general medical teleconsultation 
problem? 

Refine the types of teleconsultations to 
best match the KB&MS tools and the 
interfaces to the management problem, 
user requirements, and organizational 
rules 
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Appendix 4: 
Gilbert, Uli, Baker, Brienza, Rocca; Vargas, and May, 
"Global Grid Telemedicine System (GGTS)," presented at the 
ATA Fifth Annual Meeting, Phoenix, Arizona, 2000 

What Is GGTS? 

The Global Grid Telemedicine 
System (GGTS) is a proposed Global 
Telemedicine Command and Control 
System (Zajtchuk and Zajtchuk, 

^ that will enable telemedical 
consultations to occur anywhere in 
the world, regardless of location or 
transportation medium. 

..„ WHY IS GGTS NEEDED?   " 

• Historically, the military medical community 
has had limited access to tactical and strategic 
communication systems. 

• Increased use of telemedicine has previously 
resulted in the employment of expensive, 
stove-piped communications. 

• As global telemedicine operations are 
incorporated into doctrine, the need for a 
reliable, scalable, rapidly adaptable virtual 
network is becoming apparent. 

BOSNIA EXPERIENCE 

".. .providing a reliable back-bone 
communications infrastructure is not enough. 
More flexible and responsive network 
management and prioritization policies and 
procedures as well as end-to-end systems 
integration services and support are also 

■■M'ACOM Medical Bandwidth Study 

VSD(HA) rapidly moving to Digital CPk. lint.. 

iluits don't nnitili niedicnl diihi movement needs' 

GGTS Concepts 

• L'rovidc centralized transparent network 
management and 

.('2. Intel Cora total |>k In 

"DISA can support peacetime needs:  wartime support quo 

"many medical systems outside firewall" 

"digital patient record could approach <;ijia-Hyfes" ll'ile Si> 

"ability to move data will he more dil'licult larther I'orward' 

• Leverage existing and available 

to provide remote military 
health care providers with Telemedicine access 
lo USA-based medical centers. 
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7. 

CiC;'l\S Conceptual Architecture 

!   * — i i 
Cl* 

L>— 
i in i \: 

\ i<— 

■filiation 
oviders 

Consultation 
Requesters 

„^^ 

Bice TS Feasibility Study (octw .lun'JS)- 

•     Militsii 
li\ loininc 

v huiidwidth used on sp.ice u 
•ciiil hundwidth is most f'eusi 

vuiluhlc hus 
do soluliiin 

is hucked up 

•        \ 111 IS recommended network protot »/. 
•     <iC,TS i 
!u f'ii ni <u 

itjiiircs dynamic and Iran^/in 
d anion'^ military und enninir 

■(/// hitndui 
■rial caintiti 

///; alhiealian 
tllictlliatl 

•   Consult iiliim Broker *-cruT und N'cl wirk \liin: ÜCI" 

- ilo m 

- tun 1 

il liiivc lo he co-locuk'd. 

e distrihukd. 

-   mils) he inlt'^rulcd. 

•     t ,,„MII 

,    ,./', w lllll 
Iiralu r r> aiui < ^ ii/iillialr it tt\ 

inn M In m, -. 
lining mid I mnvli d^r 

10 

Proposed GGTS System Components 

i                       i i 
i 

IIB|iiiiiUI|ijiiiB)|^                             ^^1-                     M 

- ^ICKimttlismosäfcärHMlb 

Security 
Firewall 

,        '"-I" 
MGK 

/ 
Comb 

MGR MGK 

/ 
Rial-lime                                                                                                         rr.ipoiitni 

Kiiowledgt-Based System                                                                   ||w      sw,iW.tl ].•„,„-,j„[ia| L»,.,t|..«inii 
Architecture 

Army Medical Department Center & 
School  Letter - 6 October 1998 

GGTS Feasibility study supports conclusion that global 
telemedicine network is feasible. 

No requirement has been formally defined 

"telemedicine remains a vaguely defined technical capability" 

-   'theater telemedicine and bandwidth requirements are not 
established" 

lology Demonstiation (ACTD) 

^qaircments for Y/nr jiid Opcmfu 

11, 12 
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13 14 

rvpes of Information Needed for a 
GGTS Tele-medical Consultation? 

Jality (e.g., data, text, audio, images, store-and- 
vard, full motion video, etc.) 

riant demographic data (e.g.. name, date, ssn, sex, 
:. unit, location, age. etc) 

■■lsultation specific data (e.g., requesting physician's 
icialty, consultation urgency, subspecialties 
nested, type of equipment used or available, history 
iresent illness, and current differential diagnosis). 

What Knowledge Does GGTS 
Need? 

Knowledge about: 
• relevant information to collect from 

the requestor 
• medical decision making and consultation 
• potential consultants 
• feasible modes of consultation 
• policies and constraints 
• network architecture, network & bandwidth 

management, & 

15, 16 

Criteria for Selecting the 
Best Configuration 

Alternative 
-Optimal utilization of resources 
- Maximum accessibility of service, 
- Quality of care, and 
- Readiness. 

S   E valuation of Aitern ative    — m 
.:<2 

Configurations 

[Desirability of Alternatives! 

H osourcesj [Access to Carej   Quality of Care Readiness' 

• .'omms 
7 wider 
atient 

• Provider                  »Attending 
• Patient                     • Consultation 
• Remote Fac             • Outcome 

1 
• Individual 
• Health   Rdns 
• CINC's Mission 

x~^ mzT£-^~4j^ms 
Automatic     Electronic         Yellow 

Board               Pages 
Active 
Broker 

17 18 

Hi 1 * Reasoning Methodologies   
'multio-s oer feasibiliiv studies) 

_ Case-based Reasoning 
/ \ case-based reasoner solves new problems by 
inpting solutions th.it were used to solve old 
•oblems... Case-based reasoning means reasoning 
oni prior examples."  (Riesbeck and Schänk. 1989. 

1' ige 25). 

- Rule Systems 
- Classification theory 

- Statistical classifiers 
- Neural Nets 
- Machine Learning 

GGTS Alternative 
Configurations 

Automatic (AU) 
Active Broker (AB) 
Electronic Board (EB) 
Yellow Pages (YP) 
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25 

Overview of GGTS Broker Service Provisioning 
Process for Teleconsulting Services 

26. 

H 
GGTS Network Service Provisiu 

JMO-T ACTD Timeframe 
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IKK or fur 1 

I Support H'.li     Reject Assets to Colhntl 
] Request Support „it Swire 
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Human In The Loop with Expert System Support ^■COTSJ 

27. 28, 

29. 30 

Joint Communications Infrastructure 
nchronization Experiments & Exercises 

Supp >rt Service 
impk mentation and 
intcii ■alion ol": 

ATM Backbone 

Network Ms' 
C2 Systems 

Security 

Joint experiments 

synchronized to assess 
new capabilities, 

providing risk mitigation 
feedback and insights to 

service combat 
development and 

acquisition communities 
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37 

GGTS Overview Conclusions 

•    \ alidate ihe GGTS "virtual" network architecture 
and infrastructure concepts for all military medical 
communications. 

♦   Leverage the JMO-T At'TD to collect data on how 
medical networks are managed and consults are 
routed. 
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Appendix 5: 

Summary of naive text classification experiments on 

teledental and medical data 

Naive Text Classifier for Use in Teledentistry 

Possibly the most difficult task in the implementation 

of an effective Teledentistry system is the classification 

of the consults of individual patients. Such 

classifications are, in fact, necessary in order to send 

patients to appropriate specialists. The immediate tasks 

were to observe a sample of past dental consults and to 

build an effective classification system that could 

successfully classify new dental consults. 

In the real-time GGTS Consult Broker, a consult form 

such as Standard Form 513 is to be completed and sent 

through the system. In order to send the consult to the 

appropriate specialist, an intelligent classifier was 

constructed. The method that we chose to use was that of a 

naive classifier, which uses rules of probability and Case- 

Based Reasoning (CBR) to determine the likeliness of a 

consult being in a certain class. 

The naive classifier that was implemented uses, as its 

input, the unordered set of words contained in the 

consultation report. A patient's dental problems are 

summed up in the description on the report. The words used 

in the description are the vital clues in directing the 

patient to a proper specialty. Using the clues along with 

rules of probability such as Simple Bayes', the naive 

classifier finds the most likely specialty out of a list of 

possible specialties. 

In such a system, a number of past consults are to be 

used as a training set.  From the training set, the naive 
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classifier constructs a "trained data-set," which holds the 

vital information on word/category frequencies in the past 

data. By using the past frequencies, the classifier is 

able to decide which specialties are most likely associated 

with new consults, which use many of the same words in 

their descriptions. 

The  actual  classification algorithm  is  relatively 

straightforward,  and is  flexible  enough to be  easily 

altered and improved.  The algorithm, in its simplest form, 

is summed up by the pseudo-code shown in Figure BJ-1. 

• Uses a trained "data-set" to compute probabilities 

• Tests each possible category separately: 

SCORE for category C, given a text-description D = 

For every word W in D: 

{ 

SCORE  =  SCORE  +    Tloq   (# of consults containingW in class C)+\ ~\ 
(total # of consults in class C)+2 

} 

End of loop; increment SCORE by the probability of any 

arbitrary item being in class C. 

Figure BJ-1 

This algorithm (Figure BJ-1) utilizes a variation of 

the Simple Bayesian method.  To compute a score for each 

category C,     the algorithm looks at the list of words 
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describing a patient D, and, for each word, computes the 

probability that the word belongs to a consult of category 

C. After  all  those  probabilities  are  summed,  the 

classifier finally adds the probability of an arbitrary 

item being in category C. 

To compute these probabilities, the classifier 

requires a trained data set that holds information on all 

word/category frequencies. In order to build the trained 

data set, the naive classifier reads from a file that 

contains data from the items in its training set. Each 

consult in the training file includes the description 

(informal diagnosis) of the patient's situation and the 

specialty to which the patient was later referred. The 

object of the classifier is to "read" the words in the 

description of a patient's dental problems, and to then 

send the patient to an appropriate specialist, based on the 

specialty to which the classifier believes the patient's 

diagnosis belongs. By having a connection between the 

words in the patient descriptions and the specialty they 

fall under, the classifier is able to store word 

frequencies for each of its respective classes. Those word 

frequencies, with the above algorithm, are then used to 

evaluate new consults, and then to classify them to their 

proper specialties. 
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Frequencies of Words in Spec alties 

Oral 
Oral Max/Facial 

Word Pathology Prosthodontics Feriodontics Orthodontics Surgery Ehdodontics 

ATTACHED 11.54 0.00 6.45          0.00 0.61 1.75 

BORDER 11.54 0.00 0.00           0.00 3.07 0.00 

BUCCAL 11.54 1.09 3.23           2.60 3.07 12.28 

CHANGES 11.54 0.00 0.00           0.00 0.61 0.00 

CYST 11.54 1.09 2.15           0.00 6.75 3.51 

IMAGE 11.54 1.09 0.00           0.00 6.75 8.77 

IMAGES 11.54 2.17 1.08           2.60 3.68 1.75 

LESIONS 11.54 1.09 3.23           1.30 3.07 1.75 

NONCONTRIBUTORY 11.54 0.00 1.08           0.00 0.00 0.00 

OLD 11.54 5.43 16.13          7.79 22.09 0.00 

PACK 11.54 0.00 0.00           1.30 0.61 0.00 

PAIN 11.54 0.00 3.23           5.19 22.09 26.32 

PALATE 11.54 1.09 0.00           3.90 1.84 0.00 

POSSIBLE 11.54 9.78 6.45           7.79 15.34 22.81 

RADIOGRAPHS 11.54 0.00 4.30           0.00 4.29 8.77 

SHE 11.54 23.91 16.13    ;    24.68 23.93 15.79 

SLIGHT 11.54 1.09 0.00           2.60 6.13 1.75 

SMOKING 11.54 0.00 0.00           1.30 3.07 0.00 

Figure BJ-2 

Figure BJ-2 shows, for each of these specialties, the 

percentage of consults that contain each given word.  The 

naive classifier takes advantage of the fact that certain 

words are more common in particular specialties. 
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ORAL                                                                                   ORAL 

PATH.          PROSTHO.     PERIO.      ORTHO.      SURGERY    ENDO. 

My 
Size 
Biopsy 
Lesion 
Period (.) 
Is 
Comma (,) 
Great 
Period (.) 

-5.219524  -3.8169956   -3.90378 -4.514279  -3.459378     -4.369 
-3.610086  -6.3019023   -5.60853 -6.3Ö6038  -4.683153   -6.3149 

-3.3736973  -6.3019023   -5.6Ö853 -6.306Ö38"-5.193979   -6.3149 
-2.8216286      -5.20329    -4.91538 -5.612891   -3.653534   -4.2354 
-2.3478441   -1.8132657   -1.82434    -1.98855  -1.242735   -2.3446 
-2.8216286  -2.4100819   -2.54047 -2.455891   -1.759992   -2.9137 
-2.4894948  -1.9451932    -2.11202  -2.477397  -1.379936   -2.6013 

-6.318136    -4.510143    -4.91538 -6.306038  -5.193979   -5.6217 
-2.3478441   -1.8132657   -1782434    -1 ;98855  -1.242735   -2.3446 

TOTAL -31.3498835    -34.11604   -33.2528 -37.95567  -27.80942     -37.06 

Figure BJ-3 

Figure BJ-3 shows how the scores are calculated using 

the algorithm in Figure BJ-1. Punctuation such as periods 

and commas can either be taken into consideration or 

omitted. In the initial tests, we took all punctuation 

into consideration when classifying consults. The sum of 

all the words in each consult being tested were added up 

for each category. The classifier returns, as the 

predicted class, the category with the highest, or least 

negative,   value. 

Naive Classifier Testing 

In order to evaluate its performance, testing was done 

on the naive classifier. The first step was to take the 

390 available consults that were classified under the 

Endodontic, Periodontic, Orthodontic, and Oral Surgery 

specialties, and to divide them into a training-set, which 

would be used to build the classifier's data-set and a 

test-set. It seemed appropriate to start off building an 

equally distributed training set, because it seems the 

classifier's  probabilistic  nature may require  an even 
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number of items (consults) for each specialty that it 

trains. As shown in Figure BJ-4, 45 consults in each of 

the four categories were used to build the classifier's 

trained data set, giving a total of 180 items in the 

training set. The remaining 210 items were then set aside 

for testing purposes. 

# of Items 
# of Items in Training Remaining for 

Set Testing 
Oral Max/Facial Surgery 45 118 
Periodontics 45 48 
Orthodontics 45 32 
Endodontics 45 12 
Total 180 210 

Figure BJ-4 

A testing program was written to process the test-set 

and to test it using the naive classifier. The testing 

program worked by reading in a file that contained the 211 

test items. The format of the file was identical to that 

of the file used for building the training set. Each line 

in the file contained the description of the patient's 

situation and the specialty that the patient was sent to. 

As each item was read in, the classifier evaluated the 

words in the patient description and calculated scores for 

each of the possible specialties. The specialty with the 

highest score was passed back to the testing program. If 

the specialty returned by the classifier matched the actual 

specialty of the item, the item was marked as successfully 

classified. 

Initial tests showed that the classifier successfully 

classified around 70% of the items in the test-set. Cross- 
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validation was also used to test the accuracy of those 

results.  For the most part, the results stayed around 70%. 

While the results of the initial tests were 

impressive, setting aside 45 of each specialty's items 

would not allow for sufficient testing for every specialty. 

Endodontics, for example, had a total of only 57 available 

items, which meant only 13 at a time could be tested under 

the initial testing program, which used 45 of the 57 

Endodontic consults for the training set. Therefore, 

another method of testing had to be developed. 

This time, instead of separating the items into a 

training-set and a test-set, every available item was used 

to build the trained data set. This data set contained the 

word/class frequencies found in every available consult. 

As a result, the trained data set no longer had an equal 

number of instances for each specialty. A specialty such 

as Oral Max/Facial Surgery had more than double the amount 

of items than Endodontics. Whether or not this effected 

the performance of the classifier was yet to be seen. 

Under this test, we also decided to add the 

specialties of Prosthodontics and Oral Pathology to 

evaluate the classifier's performance with a larger set of 

categories.  This gave us a total of 534 consults. 

Testing was again performed by reading from a file, 

evaluating  the  words  in  the  descriptions,  and  then 

classifying  items  under  specialties.    A  few changes, 

however, had to be made in order to run the tests under 

this new method.  For example, only one file was now needed 

for building the data set and performing the test.  Also, 

to simulate the classifier's function of evaluating new and 

unique consults, we had to ensure that the specific items 

that were being classified were not, at the time, actually 
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contained in the data set. Therefore, as each item was 

being classified, the testing program first removed that 

particular item from the trained data set. The method, 

shown in Figure BJ-5, tested every item without having to 

distinguish between a training-set and a test-set: 

Pseudo-code for alternate testing method: 

Read file containing all 534 consults 

Build classifier's data set using the 534 items 

for each line (item) in file 

{ 

remove all word/frequency information in 'item' 

from the trained data-set 

evaluate  'item'  and  return  its  specialty 

according to the classifier 

record the classification 

restore the original data set by once again 

adding the word/frequency information of 'item' 

to the data set 

} 

Figure BJ-5 

Once this testing algorithm was implemented, the new 

tests were run on the data in the Endodontic, Periodontic, 
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Orthodontic, Oral Surgery, Prosthodontic, and Oral 

Pathology fields. This time, the program not only recorded 

successful/unsuccessful counts for each category, but it 

also mapped the results into an "actual vs. predicted" hash 

table, and produced a confusion matrix (Figure BJ-6) of the 

test results: 

Predicted 
Oral 

Max/Facial Oral 
Actual Endodontics Surgery i Orthodontics Periodontics Prosthodontics Pathology Total 

Endodontics 55 0 o 0 2 0 57 

Oral Max/Facial Surgery 12 68 24 0 24 35 163 

Orthodontics 5 0 58 0 12 2 77 

Periodontics 19 1 5 20 29 19 93 

Prosthodontics 13 0 2 4 71 2 92 

Oral Pathology 2 1 o 0 2 47 52 

Total 106 70 89 24 140 105 534 

Figure BJ-6 

Correct 
Classifications Total Tested Pet. Correct 

Endodontics 55 57 96% 
Oral Max/Facial Surgery 68 163 42% 
Orthodontics 58 77 75% 
Periodontics 20 93 22% 
Prosthodontics 71 92 77% 
Oral Pathology 47 52 90% 
Total 319 534 60% 

Figure BJ-7 

This test was able to give a better idea of the 

performance of the classifier. Figure BJ-7 shows that most 

of the specialties were classified successfully. The 

notable exceptions, however, were Oral Surgery, which had a 

success rate of only 42%, and Periodontics, which had an 

even lower rate of 22%. It was also interesting to see 

that, when the classifier made mistakes, Prosthodontics was 
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a frequent mistake. In fact, 29 of the Periodontic 

consults were classified as Prosthodontics, while only 20 

of them were correctly classified as Periodontics. 

While the initial results were promising, they left 

room for improvement. In order to possibly improve the 

classifier's performance, we constructed an even training- 

set, to balance out the probabilistic calculations for each 

specialty. 

Because the Oral Pathology specialty had the least 

number of consults associated with it (52), we took 52 

random consults from each specialty for use in the 

training-set. This enabled us to test with an even data 

set, which would allow for an even distribution across 

specialties. We then tested each of the 52 items, using 

the same testing method, and produced new results. 

Predicted 
Oral 

Max/Facial Oral 
Actual Endodontics Surgery Orthodontics Periodontics Prosthodontics Pathology 

Endodontics 48 1 0 0 3 0 
Oral Max/Facial Surgery 
Orthodontics 

0 y 45 
9 

6 
37 

0 
0 

0 
5 

1 
0 

Periodontics 4 0 2 27 15 4 
Prosthodontics 2 1 6 8 35 0 
Oral Pathology 2 5 0 0 1 44 

Figure BJ-8 

Correct 
Classifications Total Tested Pet. Correct 

Endodontics 48 52 92% 
Oral Max/Facial Surgery 45 52 87% 
Orthodontics 37 52 71% 
Periodontics 27 52 52% 
Prosthodontics 35 52 67% 
Oral Pathology 44 52 85% 
Total 236 312 76% 

Figure BJ-9 
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Figures BJ-8 and BJ-9 show that the evenly distributed 

training-set produced significantly more successful 

results. This has to do with the probabilities of word- 

frequencies being evened out for each specialty. It is 

interesting to note that 27 out of 52 (52%) of the 

Periodontics items were classified correctly under this 

method, while only 20 out of 93 (22%) were classified 

correctly with the unevenly distributed training-set. 

Improvement 
Endodontics 
Oral Max/Facial Surgery 
Orhodontics 
Periodontics 
Prosthodontics 
Oral-Pathology 

-4.18% 
+44.82% 
-4.17% 

+30.41% 
-9.86% 
-576% 

OVERALL +15.90% 

Figure BJ-10 

Figure BJ-10 shows the difference (in actual 

percentage values) between the results of the unevenly- 

distributed and evenly distributed data sets. A specialty 

with a positive (+) difference indicates an improvement 

caused by the evenly distributed set. While only 2 of the 

6 specialties saw improvements with the evenly distributed 

data set, the overall performance was a substantial 15.9% 

better. 

Relative Scoring 

In order to further evaluate and possibly improve the 

performance of the classifier, changes were made which 

allowed the classifier to keep track of the scores of each 

category it tested. This not only allows for further 

evaluation of results, but it also allows the classifier to 
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produce confidence levels. 

Once the scores for each specialty are calculated, the 

classifier gives each specialty a relative score, which 

shows the likelihood that a patient's description falls 

under a specific specialty, relative to other categories. 

Confidence values, therefore, can be generated from these 

relative scores. 

Tests were then run to measure the effectiveness and 

significance of the new relative scoring system. 

Distinctions were made which divided classified consults 

into two separate categories. A classified consult was 

considered "unsure" if none of the specialties had a 

relative score of over 10. Consults with a single dominant 

specialty with a relative score greater than 10 were 

considered "confident." The classifier was then altered to 

return only the dominant category for confident consults, 

while returning the entire list of relative scores in 

unsure instances. 

A set of 210 Endodontic, Periodontic, Orthodontic, and 

Oral Max/Facial Surgery items were tested to measure how 

many of the items would be confidently classified, and, in 

turn, how many of the confidently classified items were, in 

fact, correctly classified. These confidence levels, if 

valid, improve the classifier by allowing for distinctions 

between definite classifications and unsure classifications 

that may require further evaluation. 

As shown in Figure BJ-11, out of the 210 items that 

were tested, slightly over half of them returned just one 

specialty and were considered confident: 

Items Class'fied  terns Considered Items Considered 
Confident Unsure 

210        109(52%)      101(48%) 
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Figure BJ-11 

How accurate are the confident   items?  Figure BJ-12 

shows that out of the 109 items considered confident, most 

every one was classified correctly: 

Items Considered 
Confident 

109 

Number Classified 
Correctly 

105 

Pet. Classified 
Correctly 

96% 

Figure BJ-12 
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Figure BJ-13 

Figure BJ-13 displays a Screenshot of the Consult 

Classifier, which allows the user to scroll through past 

consults or enter new consults to be classified. The 

relative scores of each of the categories are displayed in 

the     top     right     box. In     the     case     of     Figure     BJ-13, 

Endodontics    is    the   obvious   category.       Therefore,    Consult 
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#2420 can be classified as Endodontics with a high degree 

of confidence. 

SURGEON FINDER 

In order to successfully route patients to an 

appropriate surgeon, we developed a system that takes 

advantage of the hierarchical structure of the ICD9 codes. 

The Surgeon Finder software we developed allows a user 

to enter an ICD9 code (diagnosis) in order to find a 

surgeon who has dealt with patients with similar or 

identical diagnoses. By using the data collected from two 

hospitals (UW and HMC) , records were made for each of the 

338 surgeons who had performed procedures in either 

hospital. These records included information such as 

frequencies in which surgeons saw patients with specific 

ICD9s. 

By utilizing these records, we were able to list 

appropriate surgeons for the user, given a selected ICD9 

code. Not only could the Surgeon Finder find surgeons who 

have dealt with patients with the exact same diagnoses, it 

could also handle cases where few or no surgeons exist with 

such experience. In other words, if no surgeon has ever 

dealt with a specific ICD9 diagnosis, the Surgeon Finder 

allows the user to "back up" to a more general level, and 

find surgeons who have dealt with patients with similar 

diagnoses. 

The hierarchical structure of the ICD9 codes allows us 

to logically move up and down to either more or less 

specific levels of diagnoses. For example, if Patient A is 

diagnosed with an ICD9 code of 414.11, the user would enter 

the most specific version of the code. In return, the 

Surgeon Finder lists surgeons who have dealt with other 
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414.11 patients, and displays the number of times they have 

done so: 

4, Surgeon Finder 

- '.5. •::-. &.$. .^&^;!l$&&Sis& 

WKMRKKKHmmfRml 
Surgeon Referrals 

m] 
Down 

is 

 -J ~ ■  ■.■.•.■■■; iiiifiiiliSliilll 
lip 

Figure BJ-14 

In this case (Figure BJ-14), no surgeons who have 

treated an Aneurysm (arteriovenous) of coronary vessels 

(414.11) are available. This raises the question of what 

to do in these types of cases where no exact matches exist. 

Our next step was to evaluate the structure of the ICD9 

codes to figure out the best way to handle these cases. 

The ICD9 code book is structured in a hierarchical fashion, 

and the knowledge structure inherent in that hierarchy 

might be a promising way to "back up" and find surgeons at 

more general levels. 
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(390-392) 

(390-459) Diseases of the 
Circulatory System 

tu T T 

(410-414) Ischemic 
Heart. Disease 

(410)  (411)  (412)  (413) 

L-459) 

(440-448) 

(414) Other forms 
of chronic ischemic 

heart disease 

(414.0) (414.1) Aneurysm of 
heart 

(414.10) 

(414.8) (414.9) 

(414.11) Aneurysm 
(arteriovenous) of 
coronary vessels 

(414.19) 

Figure BJ-15 

As shown in Figure BJ-15, the last wl" in code number 

414.11 takes 414.1 to a more specific level. In other 

words, 414.10, 414.11, and 414.19 are all siblings under 

the more general grouping of 414.1 codes. Furthermore, 

414.0, 414.1, 414.8, and 414.9 are siblings and are all 

part of the general group of 414 codes. This structure is 

what allows us to "back up" to less specific levels. 

In order for a user to find a surgeon who is 

experienced with patients similar to a 414.11 patient, it 

is possible to move up in the tree, and find surgeons 

experienced with Aneurysm of heart (414.1) patients more 

generally: 
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Figure BJ-16 

In this case (Figure BJ-16) , there are still very few 

surgeons who have dealt with the even more general cases of 

Aneurysm of heart. Therefore, the next logical step would 

be to move another level up in the hierarchy to look at all 

surgeons who have treated any 414  patients: 
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Figure BJ-17 

As displayed in Figure BJ-17, a significant number of 

surgeons have had experience with forms of chronic ischemic 

heart disease classified as other (414 codes at their base- 

number level). At this level, significantly more surgeons 

are available for selection. The Surgeon Finder, at all 

levels, also allows the user to see a list of ICD9 codes 

that a particular surgeon has dealt with. 

If the user continued to move up in the ICD9 

hierarchy, the Surgeon Finder would then move from the 

base-number level up to the next level, which is a range of 

base numbers under the heading, Ischemic Heart Disease (ICD 

codes 410-414). Figure BJ-18 shows the results of moving 

up one more level. 
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Figure BJ-18 

Surgeon Categorization 

In order to route patients to appropriate surgeons, a 

categorization of the surgeons was required. The Surgeon 

Finder software was quite effective in guiding patients to 

surgeons who were experienced with other similar patients. 

However the question as to how far a patient must travel to 

find a qualified surgeon remains. 

A helpful tool in deciding which surgeons are 

appropriate is surgeon categorization. The task was to 

separate surgeons into three groups: Specialists, who 

specialized in a few types of patients; Sub-specialists, 

who specialized in even fewer types of patients; and 

Generalists, who deal with many different patients with 

many different diagnoses. 
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The categorizations are based on the Hirschman- 

Herfinadahl Index (HHI) for each surgeon. The HHI is a 

standard concentration measure used by economists and 

lawyers for quantifying the degree of monopoly in a market. 

The larger the value of the HHI, the more economic power is 

concentrated on a small number of firms. See William G. 

Shepherd, The Economics of Industrial Organization, Third 

Edition, Prentice-Hall: Englewood Cliffs, NJ, 1990, for a 

discussion of the HHI, alternative measures of 

concentration, and their use in economics. If we consider 

surgeons analogous to industries, and the observed ICD9s as 

analogous to firms in an industry, then the HHI might be a 

useful measure of the degree of surgeon specialization. 
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Surgeon HHI # of Consults 

2847 1307.52 37 
2852 393.82 732 
2855 5917.97 32 
2856 461.07 279 
2865 1124.26 13 
2869 661.16 22 
2871 656.99 103 
2924 340.25 102 
2945 2800.00 5 
2947 3333.33 3 
2972 2163.05 39 
2985 188.02 220 
2994 453.51 42 
3018 5000.00 2 
3026 10000.00 1 
3031 833.33 12 
3062 4575.00 40 
3114 10000.00 4 
3147 1083.68 27 
3148 341.86 59 
3368 864.20 18 
3372 1851.85 9 
3375 2098.77 9 
3390 689.06 76 
3399 2500.00 4 

Figure BJ-19 

Using surgeons in the place of markets and ICD9 

instances in the place of firms, HHI values were calculated 

for each surgeon. Figure BJ-19 shows a subset of all 

surgeons' HHI scores. 

Surgeons were then grouped into the three separate 

categories based on their ICD9-based HHI scores. Surgeons 

with HHI scores in the top 25th percentile were considered 

sub-specialists. Surgeons between the 50th and 75th 

percentiles  were  considered specialists. All  other 

surgeons,  with HHI scores in the bottom half of the 
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population, were    considered    generalists.         Figure    BJ-20 

shows  some of the groupings. 

Surgeon HHI # of Consults Category (overall) 
1150 5243.76 29 Sub-Specialist 
1339 1090.12 199 Specialist 
1352 1065.76 21 Specialist 
1357 204&\61 24 Sub-Specialist 
1358 485.10 356 Generalist 
1361 1155.02 170 Specialist 
1479 1059.ÖT 653 Specialist 
1497 343.78 1015 Generaiist 
1521 291.11 1607 Generalist 
1524 196.88 181 Generalist 
1532 1083.74 560 Specialist 
1635 239.95 3Ö3 Generalist 
1686 1017.45 1452 Specialist 
1731 278.77 698 Generalist 
1735 455.81 897 Generalist 
1739 2555765 541 Sub-Speciaiist 
1792 1117.86 11 sT Specialist 
1797 119141 32 Specialist 
1802 78053 66 Specialist 
1807 100.80 909 Generalise 
1839 321.32 744 Generajist 
2002 464853 21 

Figure BJ- 

Sub-Specialist 

20 

After all    ICD9 HHI    scores were    calculated   and all 

surgeons     were      categorized,      we further      evaluated the 

validity   of this   categorization   method.      Lists   and   tables 

were   constructed   which   listed   surgeons   who   had   worked at 

UW,   HMC,   or at both hospitals: 
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HHIs According to ICD9 Cod es 

Surgeon 
Both Hospitals HMC 

HHI Category 
UW 

HHI Category Match? HHI          Category 
6930 305.76        Generalist 307.14 Generalist 
6960 1280.28       Specialist 1280.28 Specialist 
6961 3419.80    Sub-Specialist 2396.69 Sub-Specialist 3561.91 Sub-Specialist 
6983 598.30        Generalist 598.3 Generalist 
6995 200.36        Generalist 200.36 Generalist 
7000 909.09        Specialist 1172.84 Specialist 
7001 809.32        Specialist 

347.16        Generalist 644753 Generalist 
809.32 Specialist 

7012 648.42 Generalist 
7020 769.02        Specialist 1753.44 Sub-Specialist 859.18 Specialist 0 
7030 1400.00       Specialist 
7052 
7Ö56 

1124.26       Specialist 
147.12       Generalist i27.92 Generaiist 

1124.26 
378.6 

Specialist 
Generalist 

7093 893.99        Specialist 1488 Sub-Specialist 907.35 Specialist 0 
7099 418.88        Generalist 414.88 Generalist 
7163 588.43        Generalist 687.19 Generalist 
7164 2789.78   Sub-Specialist 2789.78 Sub-Specialist 
7270 214.16        Generalist 769.23 Specialist 218.78 Generalist 0 
7272 571.66        Generalist 601.02 Generalist 834.57 Specialist 0 
7276 1984.39   Sub-Specialist 2017.06 Sub-Specialist 1 
7300 373.43        Generalist 1000 Specialist 476.19 Generalist 0 

Figure BJ-21 

Figure BJ-21 shows some cases where surgeons have 

different types of scores in different hospitals.  However, 

in most cases, surgeons' HHI scores were very similar in 

both hospitals. 

Surgeon Categorization according to CPT-based HHI scores 

Up to this point, we've calculated HHI scores and 

categorized surgeons based on ICD9 codes. These ICD9-based 

HHI calculations indicate how specialized surgeons are at 

treating patients with particular diagnoses. However, it 

could also be helpful to know how specialized surgeons are 

at performing particular procedures {CPTs). On one hand, 

we can classify surgeons according to patient problems 

(ICD9s);  on the other hand,  we can classify surgeons 
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according to the solutions,    or the procedures (CPTs) used 

to treat the problems. 

CPT-based HHI scores were calculated for each of the 

surgeons who had performed procedures at either or both 

hospitals (UW and HMC) . Once again, the surgeons with HHI 

scores above the 75th percentile were considered sub- 

specialists. Surgeons between the 50th and 75th percentile 

were then considered specialists; other surgeons under the 

50th percentile were then again referred to as generalists. 

Tables were again made to evaluate the surgeons' new 

CPT-based HHI scores. The new CPT-based tables looked very 

similar to the ICD9-based tables. Most of the surgeons who 

had performed procedures in both hospitals had similar HHI 

scores for each hospital. Most surgeons who were 

generalists in their UW practices were also generalists in 

their HMC practices. The same went for sub-specialists. 

In some cases, a surgeon would be either a generalist or a 

sub-specialist at one hospital, but be a specialist at the 

other hospital; however, the categorizations almost never 

jumped over the intermediate (specialist) group. Figure 

BJ-21 shows part of the table that was constructed. 
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HHIs According to CPT Codes 

Surgeon 
Both Hospitals HMC 

HHI Category 
UW 

HHJ          Category Match? HHI           Category 
6930 413.47        Generalist 415.25       Generalist 1 
6960 1211.07       Specialist 1211.07 Specialist 1 
6961 776.92        Specialist 1074.38 Specialist 808.90       Specialist 1 
6983 902.10        Specialist 902.1 Specialist 1 
6995 
7000 

621.90        Specialist 
1322.31 , Sub-Specialist 

621.9 Specialist 1 
1666.67   Sub-Specialist 1 

7001 4127.06   Sub-Specialist 4127.06   Sub-Specialist 1 
7012 257.08   «    Generalist 468.75 Generalist 505.65       Generalist 1 
7020 1344.03   Sub-Specialist 1386.92 Sub-Specialist 1872.45   Sub-Specialist 1 
7030 1200.00      Specialist 
7052 2071.01    Sub-Specialist 2071.01   Sub-Specialist 1 
7056 199.53       Generalist 213.07 Generalist 291.56       Generalist 1 
7093 672.05        Specialist 1200 Specialist 649.69       Specialist 1 
7099 337.57        Generalist 339.33       Generalist 1 
7163 514.05        Generalist 583.28       Generalist 1 
7164 855.62        Specialist 855.62       Specialist 1 
7270 130.78        Generalist 769.23 Specialist 132.63       Generalist 0 
7272 226.49        Generalist 233.99 Generalist 350.62       Generalist 1 
7276 2104.50   Sub-Specialist 2139.26   Sub-Specialist 1 
7300 294.61        Generalist 1000 Specialist 335.10       Generalist 1 

Figure BJ-22 

Similarities and Differences between ICD9-based and CPT- 

based Categorizations 

The next task was to find out if a surgeon who is a 

sub-specialist due to his ICD9 (diagnosis)-based HHI score, 

is also a sub-specialist due to his CPT (procedure)-based 

HHI score. In other words, we had to find out if there 

were a significant number of surgeons who specialized in a 

particular type of diagnosis, but performed a broad range 

of procedures; and vice versa. 

In order to evaluate this concept, a confusion matrix 

was built that contained information on surgeon- 

classifications. It compared the surgeon-classifications 

decided by ICD9-based HHI scores and the surgeon- 

classifications decided by CPT-based HHI scores: 
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HMC and UW Surgeons 
Surgeon groups (Generalist, Sub-Specialist, Specialist) based on diagnosis (IGD9s) compared to 
Surgeon groups based on medical procedures (CPTs) 
(Surgeon groups based on HHI percentiles from both HMC and UW) 

CPT 

ICD9 

Generalist Specialist Sub-Specialist 
Generalist 104 14 2 
Specialist 11 27 22 
Sub-Specialist 5 19 37 

120 60 61 

Figure BJ-23 

Figure BJ-23 shows that 61% of ICD9 sub-specialists 

are also CPT sub-specialists; also, most of the other 39% 

are classified as specialists. Only in 7 of the 241 cases 

are there surgeons with both sub-specialist and generalist 

classifications. This shows that there is a connection 

between ICD9-based classification and CPT-based 

classification. Similar confusion matrices were 

constructed that made the same distinctions for each 

hospital separately (Figures BJ-24 and BJ-25) 

UW Surgeons 
Surgeon groups (Generalist, Specialist, Sub-Specialist) based on diagnosis (ICD9s) compared to 
Surgeon groups based on medical procedures (CPTs) 
(Surgeon groups based on HHI percentiles from both HMC and UW) 

CPT 

66 
54 
56 

176 

ICD9 

Generalist Specialist Sub-Specialist 
Generalist 58 7 1 
Specialist 14 26 14 
Sub-Specialist 4 21 31 

76 54 46 

Figure BJ-24 
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HMC Surgeons 
Surgeon groups (Generalist, Specialist, Sub-Specialist) based on diagnosis (ICD9s) compared to 
Surgeon groups based on medical procedures (CPTs) 
(Surgeon groups based on HHI percentiles from both HMC and UW) 

CPT 
-■   -   

70 
38 
23 

131 

ICD9 

Generalist Specialist Sub-Specialist 
Generalist 61 8 1 
Specialist 3 30 5 
Sub-Specialist 0 8 15 

64 46 21 

Figure BJ-25 

Specialization of Hospitals 

Surgeon categorization also allowed us to evaluate the 

level of specialization in the two separate hospitals (UW 

and HMC): 

Groupings based on ICD9s 
Generalists Specialists Sub-Specialists 

Both HMC and UW 50% 25% 25% 
HMC 53% 29% 18% 
UW 38% 31% 32% 

Groupings based on CPTs 
Generalists Specialists Sub-Specialists 

Both HMC and UW 50% 25% 25% 
HMC 49% 35% 16% 
UW 43% 31% 26% 

Figure BJ-26 

These results (Figure BJ-2 6) show that more of the 

surgeons at UW would be considered specialists than at HMC. 



105 

UW is a tertiary care University medical center, and HMC is 

primarily a trauma center, so the numerical results are 

consistent with our expectations. Also, note that the 

results of ICD9-based groupings are very similar to those 

of CPT-based results. 

Using Surgeon-Classification in the Surgeon-Finder Software 

Now that we had developed a mechanism to assign the 

classifications "sub-specialist," "specialist," and 

"generalist," we proceeded to integrate those 

classifications into the Surgeon Finder program. The 

original Surgeon Finder program allowed the user to enter 

an ICD9 code, and in returned a list of surgeons who were 

experienced with treating that ICD9 code or ICD9 codes 

similar to it. The original program, however, displayed 

only the number of times a surgeon was referred to. It did 

not take into account whether or not the surgeon was 

specialized in that field, or whether he was simply 

experienced in all fields, including that field. This 

information could prove to be vital in situations where 

sub-specialists are required. Also, the information can be 

helpful in situations where a patient does not need a sub- 

specialist, and instead simply wants the closest available 

general surgeon. 

Prior to the HHI-based categorization of surgeons, the 

Surgeon Finder displayed every surgeon regardless of his 

specialization, or lack thereof. Integrating the idea of 

surgeon categorization, the new Surgeon Finder allows the 

user to select a desired scope of surgeons: 
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Figure BJ-27 

Figure BJ-27 displays the user's new options with the 

new Surgeon Finder software. Not only can the user now 

observe and sort surgeons based on their HHI values (degree 

of specialty) , but the user can also choose whether to 

filter out certain classifications of surgeons: 
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Figure BJ-28 

Figure BJ-28 displays an instance where the user 

desired only sub-specialists.   By having only the "Sub- 

Specialist" box selected, the Surgeon Finder returns only 

Sub-Specialists who have dealt with similar diagnoses. 

Naive  Classifier  For  Use  in  General  Medicine  (ICD9 

Classifier) 

The naive classifier already produced successful 

results in Dentistry fields. However, it had yet to been 

tested under more general fields of medicine. Using the 

statistics from the UW and HMC information, a naive 

classifier was constructed that classified general medical 

consults. 
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Figure BJ-2 9 

The naive ICD9 Classifier allows a user to enter ICD9 

codes as well as other patient descriptions. The consult 

is classified by using the list of words found in the 

descriptions of ICD9 codes, as well as the additional text. 

In Figure BJ-29, an obvious Cardiovascular consult is 

categorized. A classification with a relative score as 

high as 80.75 assures that, out of the given categories, 

the chosen category is almost certainly the correct 

category. However, when the ICD9 codes and other 

descriptions are more ambiguous, the relative classifier 

scores will be much closer. 
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N®C.y.9MS;Sys'te_m  10,91 
Respiratory 3.19 
Integumentary  1.03 
Hematology  0.81 
Digestive 0.44 
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Figure BJ-30 

In Figure BJ-30, the classifier is given a very- 

ambiguous diagnosis. Although the three ICD9 codes and the 

additional commentary are very different from each other, 

the ICD9 Classifier is still able to return the most likely 

specialty, based only on the actual words in the 

descriptions. 

Testing on Naive Classifier in General Medicine 

Tests were run in order to evaluate the performance of 

naive classification in general medicine. 

Predicted 

| Cardiovascular Digestive Eye & Adnexa Female Genital Integumentary |Musculoskeletal Nervous System Urinary 

^^^^^B 0 1           |           1 1          |          2 1 2 

^^^^^| 16 4 3 3         I         0 2 2 

^^^^^B 0 25 0 1      .              1 0 3 

^^^^^B 3 0 19 3          |          0 1 4 
^^^^^| 4 1 0 19         |          3 1 1 

■■^■HB 1 0 2 4          |         23 0 0 

^^^^B 2 0 1 0                     0 22 4 

■■^■■H 3 3 2 1          I          1 0 19 

Figure BJ-31 
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In order to test the naive classifier's performance in 

general medicine, we started by taking a subset of the 20 

main CPT categories. Figure BJ-31 shows the confusion 

matrix for the initial test. We took 8 of the main groups 

with 65 or more instances, and used 35 instances of each 

group to build the training set. We then tested 30 other 

instances for each separate group. 

The classifier, which works by converting each ICD9 

code into its description (e.g. 414.9 ==> "Chronic Ischemic 

Heart Disease Unspecified"), yielded very promising 

results. Note that we used only exact matches of words, 

which meant we did not consider words with a common root 

but different suffixes to be the same. 

The next step was to observe the classifier's 

performance when using more than 8 of the groups, and more 

than 30 test cases. Since the classifier seems to work 

best with an evenly distributed data set, we built a model 

where each category had 200 instances in its training-set, 

and 200 instances in its testing-set. Since at least 400 

items were required for each category in this test, the 15 

categories with 400 or more items were selected for use. 

Predicted 

Audit Card Diq Eye Fern Hema Inteq Lapro Male Mater Med Muse Nerv Resp Urin 
1   176 6 1 0 0 1 3 0 2 0 2 2 3 2 2 

flffli^^^H     1 154 3 0 1 7 2 1 4 1 11 2 4 0 8 
I^HH^H   1 9 84 0 13 20 13 23 3 4 0 1 3 19 
|tffcK||MUU||^    8 0 0 157 0 6 6 0 3 3 0 5 2 0 
|j£]|]MkU&i||&H    0 4 6 1 168 5 1 8 0 3 0 0 0 0 
^^^ffi^H  o 2 3 0 7 147 19 0 6 1 0 2 3 1 
m^gj^H   7 4 3 1 S 67 80 0 3 6 0 23 3 4 

BfflSQ^I    0 5 16 0 112 3 2 54 1 1 1 0 0 1 
ffl^m^^i 4 0 1 0 11 17 2 1 155 0 0 2 0 0 
UyMajijjHjfej^H  o 0 0 r 14 0 0 2 0 175 0 1 0 0 

■    3 26 0 3 0 14 0 0 1 0 151 1 0 0 
|UJbH|mjMfejgH    0 1 0 0 7 12 10 0 3 3 0 154 3 1 
|Uj!M|Uegti^n    0 4 0 6 1 6 4 0 0 0 0 6 169 1 6 
S^^R^H  o 0 1 0 3 11 17 0 1 2 0 6 4 152 2 
Iffl^H^H   1 2 S 0 7 3 2 1 28 0 0 6 0 0 146 

201      216     124     175     349     308     163 90 210  199  165  208  194  181  208 

200 
199 
200 
198 
200 
198 
200 
200 
200 
200 
198 
200 
200 
198 
200 
2991 



Figure BJ-32 

111 

Predicted 

Audit Card Diq Eve Fem Hema Inteq Lapro Male Mater Med Muse Nerv Resp Urin 
1   88% 3% 1% 0% 0% 1% 2% 0% 1% 0% 1% 1% 2% 1% 1% 

1 1% 77% 2% 0% 1% 4% 1% 1% 2% 1% 6% 1% 2% 0% 4% 

I 1% 5% 42% 0% 7% 10% 7% 12% 2% 2% 0% 1% 2% 10% 4% 
I   4% 0% 0% 79% 0% 3% 4% 0% 2% 2% 0% 3% 1% 0% 3% 

El o% 2% 3% 1% 84% 3% 1% 4% 0% 2% 0% 0% 0% 0% 3% 

I   0% 1% 2% 0% 4% 74% 10% 0% 3% 1% 0% 1% 2% 1% 4% 
I   4% 2% 2% 1% 3% 29% 40% 0% 2% 3% 0% 12% 2% 2% 2% 

I   0% 3% 9% 0% 56% 2% 1% 27% 1% 1% 1% 0% 0% 1% 1% 

I   2% 0% 1% 0% 6% 9% 1% 1% 78% 0% 0% 1% 0% 0% 4% 

D               I o% 014 0% 4% 7% 0% 0% 1% 0% 88% 0% 1% 0% 0% 1% 

IE       1 ** 13% 0% 2% 0% 7% 0% 0% 1% 0% 76% 1% 0% 0% 0% 
H o% 1% 0% 0% 4% 6% 6% 0% 2% 2% 0% 77% 2% 1% 3% 

RHQHKOTJ  0% 2% 0% 3% 1% 3% 2% 0% 0% 0% 0% 3% 85% 1% 3% 

H o% 0% 1% 0% 2% 6% 9% 0% 1% 1% 0% 3% 2% 76% 1% 

I 1% 1% 3% 0% 4% 2% 1% 1% 14% 0% 0% 3% 0% 0% 73% 

Figure BJ-33 

Figures BJ-22 and BJ-23 show remarkably good results. 

With the exception of the Laproscopic, Integumentary, and 

Digestive categories, the classifier correctly identified 

70% to 90% of its test items. Figure BJ-33 shows both the 

actual confusion matrix resulting from the test and the 

percentage in each actual  vs.  predicted  category. 

Again, in this test, only exact matches of words were 

considered. Words with common roots were still being 

recognized separately. Therefore, it seemed possible that 

the three challenging categories (Laproscopic, 

Integumentary, and Digestive) might work out better if the 

words were grouped by root, as opposed to all being treated 

as distinct. In order to test a model that considered some 

words with common roots to be equal, a classifier was built 

that recognized only the first n  letters of every word. 
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Predicted 

Audit Card Diq Eve Fern Hema Inteq Lapro Male Mater Med Muse Nerv Resp Urin 
176 6 1 0 0 0 3 0 2 0 2 3 3 3 1 
0 158 2 0 6 7 1 2 3 2 7 2 6 0 4 
2 6 87 0 13 20 9 24 2 11 0 1 2 20 4 
6 0 1 157 0 6 10 0 5 4 0 4 2 2 1 
0 4 6 1 170 4 1 10 0 2 0 0 0 0 3 
0 2 1 0 7 151 18 0 7 1 0 0 3 1 7 
3 4 3 1 6 60 77 0 3 6 0 26 6 2 6 
0 5 20 0 96 1 2 71 0 1 1 0 2 1 0 
0 0 1 0 11 9 2 1 165 0 0 1 4 1 6 
0 0 1 7 14 1 0 2 0 174 0 0 0 0 1 
1 28 0 5 0 14 1 0 1 0 148 0 0 0 0 
0 1 3 0 2 12 10 0 3 3 0 156 3 6 1 
0 2 S 3 2 7 6 0 0 0 0 6 167 2 1 
0 0 1 0 6 8 16 0 2 2 0 7 6 152 1 
1 16 0 0 11 0 3 3 28 1 0 3 1 1 132 

189     231 131 174     342     300     158     113     221     206     158     208     203 191 

200 
199 
200 
198 
200 
198 
200 
200 
200 
200 
198 
200 
200 
198 
200 
2991 

Figure BJ-34 

Predicted 

Audit Card Dig Eve Fem Hema Inteq Lapro Male Mater Med Muse Nerv Resp Urin 
1   88% 3% 1% 0% 0% 0% 2% 0% 1% 0% 1% 2% 2% 2% 1% 
1   0% 79% 1% 0% 3% 4% 1% 1% 2% 1% 4% 1% 3% 0% 2% 

1   1% 3% 44% 0% 7% 10% 5% 12% 1%  , 6% 0% 1% 1% 10% 2% 
1   3% 0% 1% 79% 0% 3% 6% 0% 3% 2% 0% 2% 1% 1% 1% 
1   0% 2% 3% 1% 85% 2% 1% 5% 0% 1% 0% 0% 0% 0% 2% 

1   0% 1% 1% 0% 4% 76% 9% 0% 4% 1% 0% 0% 2% 1% 4% 
1   2% 2% 2% 1% 3% 30% 39% 0% 2% 3% 0% 13% 3% 1% 3% 

1   0% 3% 10% 0% 48% 1% 1% 36% 0% 1% 1% 0% 1% 1% 0% 

D                        1   ** 0% 1% 0% 6% 6% 1% 1% 83% 0% 0% 1% 2% 1% 3% 
1   0% 0% 1% 4% 7% 1% 0% 1% 0% 87% 0% 0% 0% 0% 1% 

1 1% 
14% 0% 3% 0% 7% 1% 0% 1% 0% 74% 0% 0% 0% 0% 

1   0% 1% 2% 0% 1% 6% 6% 0% 2% 2% 0% 78% 2% 3% 1% 

1   0% 114 3% 2% 1% 4% 3% 0% 0% 0% 0% 3% 84% 1% 1% 

1   0% 0% 1% 0% 3% 4% 8% 0% 1% 1% 0% 4% 3% 76% 1% 
■ 1% 8% 0% 0% 6% 0% 2% 2% 14% 1% 0% 2% 1% 1% 66% 

Figure BJ-35 

Figures BJ-34 and BJ-35 show the results of 

considering all words beginning with the same four letters 

to be the same. This method, which attempted to sort words 

by root, did not seem to make much difference compared to 

the exact match method. Other tests were then run using 

the first 5, 6, and 7 letters of words, but those made even 

less difference than the initial 4-letter root test. As 

seen in Figure BJ-36, this root method inaccurately grouped 

some very different words together: 
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(with  without) 

(procedure  proctocolitis) 

(hearing   heart) 

(polymorphonuclear polyostotic   poly neuritis...) 

(postsurgical  postpartum postraenopausal...) 

Figure BJ-3 6 

Despite these obvious mistakes,  the results didn't 

change much.  The Laproscopic category improved slightly, 

and the overall performance was improved by 0.7%.   It 

seems, in order to effectively group words by root, an 

electronic thesaurus may be required. 

Testing Sub-Categories of the Cardiovascular Class 

The next task was to classify more specific CPT 

categories. Under the each of the main CPT categories, 

there exist more specific sub-categories. We took the 22 

sub-categories of the Cardiovascular category and ran tests 

to see whether or not the naive classifier could handle 

more specific categorizations. 

The first test used every Cardiovascular sub-class 

with at least 20 related consults: 
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Pace Veno Thro Thor Bypa Vase Card Aort Dire Liga Sept Hear Expl Inte Embo Peri 

Pace 235 27 0 0 0 0 2 0 0 0 1 13 0 0 0 D 

Veno 0 1651 0 D 0 0 1 0 0 0 0 0 0 0 0 0 

Thro 0 8 47 0 7 0 0 0 0 0 0 0 0 0 5 0 

Thor D 1 0 42 0 0 4 0 7 0 D 0 0 0 0 1 

Bypa 0 1 7 3 61 0 0 0 6 0 0 0 0 0 7 0 

Vase 0 13 0 0 1 34 0 0 0 0 0 7 2 0 1 0 

Card 1 6 0 0 0 1 231 0 0 0 0 0 0 0 0 2 

Aort 0 0 0 0 0 0 0 36 0 0 1 0 0 0 0 0 

Dire 0 4 Z 10 4 0 0 0 34 0 0 0 0 0 0 0 

Liga 0 0 0 0 0 0 0 0 0 23 0 0 2 0 2 0 

Sept 0 0 0 0 0 D 0 0 0 0 14 0 0 0 0 0 

Hear 0 3 0 0 0 0 0 0 0 0 0 46 0 0 0 0 

Expl 0 Z 1 1 3 0 0 0 1 D 0 ■- 0 103 0 6 5 

Inte 0 0 2 0 0 0 0 0 0 0 D 0 0 0 6 0 

Embo 0 1 7 0 0 0 0 0 0 0 0 0 0 0 13 0 

Peri D 0 0 0 D 0 1 0 0 0 0 0 1 D 0 19 

Pace 

Veno 

Thro 

Thor 

Bypa 

Vase 

Card 

Aort 

Dire 

Liga 

Sept 

Hear 

Expl 

Inte 

Embo 

Peri 

65% Pacemaker or Def ilorillator 

99% Venous Grafting Only for Coronary Artery Bypass 

62% Thromboendarterectomy 

71% Thoracic Aortic Aneurysm 

62% Bypass Graft 

15% Vascular Injection Procedures 

79% Cardiac Valves 

92% Aortic Anomalies 

62% Direct Repair of Aneurysm or Excision (Partial or Total) and Graft 

58% Ligation and Other Procedures 

78% Septal Defect 

71% Heart /Lung Transplantation 

74% Exploration 

0% Intervascular Cannulization or Shunt 

41% Embolectomy/Thrombectomy 

68% Pericardium 

Figure  BJ-37 

Figure   BJ-37    shows    that   the   initial   testing   of   more 

specific    categorization    had    some    success. In    the    next 

step, however, we wanted to try using an unevenly- 

distributed training set, which better represented the 

overall distribution of the sub-categories. We randomly- 

assigned half of the data to the training set and the rest 

to  the  test  set. 
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Predicted 

VENO PACE VASC CARD EXPL BY PA INTE THRO THOR HEAR DIRE LIGA EMBO ARTE AORT SEPT OTHE PERll 

1S51 0 0 1 0 D 0 0 0 0 0 0 4 2 0 0 1 0 

27 27 9 0 2 0 0 1 0 0 14 0 0 6 0 0 2 28 2 

11 1 82 4 2 1 50 0 0 12 0 1 12 2 0 1 46 0 

6 2 1 266 P 0 0 1 0 1 0 0 0 1 0 0 10 2 

2 0 0 D 103 5 6 1 1 0 1 1 6 0 0 0 7 6 

1 0 0 0 0 67 1 5 3 0 8 2 8 0 0 0 3 1 

0 1 2 0 0 1 51 2 D 0 0 0 9 1 0 0 3 0 

B D 0 0 0 10 2 48 0 0 0 0 6 2 0 0 0 0 

1 0 0 4 0 0 0 0 42 0 7 0 0 0 0 0 4 1 

3 0 0 D 0 0 0 0 D 55 0 0 0 0 0 0 5 0 

4 0 0 0 0 4 0 2 10 0 34 0 0 0 0 0 0 1 

0 0 1 0 2 2 0 0 0 0 0 25 2 0 0 0 8 D 

1 0 0 a 0 2 4 7 0 0 0 D 15 0 0 0 2 0 

1 a 0 a 0 0 0 D D 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 D 0 37 1 1 0 

a a 0 0 0 0 0 1 D 0 0 0 0 0 0 15 1 1 

s 15 0 l 2 0 0 0 0 2 0 1 0 D o 1 17 1 

0 l 0 l 1 0 0 0 0 0 0 0 1 1 0 0 2 21 

TOT     1721   299      86     279     110      92      115      67 56 84 50       30 69 37       20      138      36 

1659 
361 
225 
290 
139 
99 
70 
76 
59 
63 

55 
40 
31 
1 

39 
18 
45 
28 

3298 

Figure BJ-38 

This test (Figure BJ-38) actually yielded better 

results, perhaps due to the more realistic distribution of 

Cardiovascular sub-categories. 

Next, we tested using a more evenly balanced training 

set in order to observe the difference between the two 

methods (even vs. uneven data-set). A training set of size 

50 was used for each sub-category that contained 50 or more 

instances. Eighteen of the classes could be tested with 

this method. Figures BJ-39 and BJ-40 display the results 

of this test. 
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j  PERI OTKE SEPT AORT ARTE EHBO LIGA DIRE HEAR THOR THRO INTE BTPA EXPL CARD VA3C PACE VEHO 

HHT I 0 a 0 0 1 0 0 0 0 0 0 0 □ 0 0 0 0 

1   ° 4 0 0 0 0 a 0 0 0 0 0_, 0 0 0 0 1 0 

1   ° 0 3 0 0 0 0 0 0 0 1 0 0 a 0 0 0 0 

1    n 0 0 9 0 D 0 0 0 0 0 0 D 0 0 0 0 0 

1     0 0 0 0 30 a a 0 0 0 D D 0 0 0 0 0 0 

^B    n 0 0 0 1 21 0 0 0 0 9 7 3 2 0 D 0 0 

^B 0 0 0 0 4 35 1 1 0 L 2 2 2 0 2 1 0 

^B  i 0 a 0 5 a D 4 a D 13 2 a 4 0 0 0 0 a 
1  1 1 0 0 4 2 2 0 70 0 0 0 0 0 0 0 0 0 

^B 0 l 0 1 2 1 10 I 81 0 D 0 a 9 a 0 0 

^B    n D 0 0 11 13 0 1 0 0 65 2 13 0 0 0 1 2 

^B     2 1 0 0 0 Z3 1 0 0 0 2 92 1 3 0 2 1 1 

^B    n 0 0 0 4 19 3 12 0 3 IG 2 123 1 0 0 0 0 

^B     13 0 0 0 1 31 2 1 0 1 3 13 9 203 0 0 0 2 

^B   in 1 3 0 20 4 0 0 4 2 Z 0 0 2 486 0 4 5 

^B i.i 3 6 0 21 84 7 6 46 0 2 187 32 17 0 332 11 7 

^fl   5 33 1 0 55 2 0 0 44 1 6 0 23 7 4 0 630 4 

|   b 0 0 0 2322 0 1 0 3 □ 0 0 1 0 1 0 2 49 

2175      206 £11      237      500       336 

513 

791 

615 

2379 

5631 

PERI 
OTHE 
SEPT 
AORT 
RRTE 
CM00 
LIGA 
DIRE 

HEAR 
THOR 
THRO 
INTE 
BYPA 
EXPL 
CARD 
VASC 
PACE 
VENO 

PERICARDIUM 
OTHER-PROCEDURES 
SEPTAL-DEFECT 

AORTIC-ANOMALIES 
ARTERLAL-GRAFTING-FOR-CORONARY-ARTERY-BYPASS 

EMB0LECT0MY-THROMEECT0MY 
UGATlON-AND-OTHER-PROCEDURES 
0IRECT-REPAIR-OF-ANEURYSM-OR-EXCISION-PARTIAL-OR-TOTAL-AND-GRAFT-INSERTION-FÖR- 
ANEURYSM-FALSE-ANEURYSM-RUPTURED-ANEURYSM-AND-ASSOCKTED-OCCLUSIVE-DISEASE 

HEART-LUNG- TRANSPLANTATION 
THCRACIC-AORTIC-ANEURYSM 
THROMBOENDARTERECTOMY 
INTERVASCULAR-CANNUUZATION-OR-SH'JNT 

BYPASS-GRAFT 
EXPLORATION 
CARDIAC-VALVES 
VASCULAR-INJECTION-PROCEDURES" 
PACEMAKER-OR-OEFIBRILATOR 
VENOUS-GRAFTING-ONLY-FOR-CORONARY-ARTERY-BYPASS 

Figure BJ-39 

# Correctly 
Classified # in Class Pet. Correct 

PERI PERICARDIUM 4 5 80% 

OTHE OTHER-PROCEDURES 4 5 80% 
SEPT SEPTAL-DEFECT 5 6 83% 
AORT AORTIC-ANOMAUES 9 9 100% 
ARTE ARTERIAL-GRAFTING-FOR-CORONARY-ARTERY-BYPASS 30 30 100*4 
EMBO EMBOLECTOMY-THROMBECTOMY 21 43 49% 
UGA UGATION-AND-OTHER-PROCEDURES 35 52 67% 

DIRE DIRECT-REPAIR-OF-ANEURYSM-OR-EXCISION-PARTIAL-OR-TOTAL-AND-GRAFT-INSERTION-FOF 45 70 64% 
HEAR HEART-LUNG-TRANSPLANTATION 70 80 88% 
THOR THORACIC-AORTIC-ANEURYSM 61 1D7 76% 
THRO THROMBOENDARTERECTOMY 65 108 60% 
INTE INTERVASCULAR-CANNULIZATION-OR-SHUNT 92 129 71% 
BYPA BYPASS-GRAFT 123 177 69% 
EXPL EXPLORATION 203 279 73% 
CARD CARDIAC-VALVES 486 543 90% 
VASC VASCULAR-INJECTION-PROCEDURES 332 794 42% 

PACE PACEMAKER-OR-DEFIBRILLATOR 630 815 77% 
VENO VENOUS-GRAFTING-ONLY-FOR-CORONARY-ARTERY-BYPASS 49 2379 2% 
TOT TOTAL 2284 5631 41% 

I Over 70% 
60-70%                                                                                                                                                                   ; 
Under 60%     

(For classes with at least 20 test cases)      __    _.. 

Figure BJ-40 

This method, for most sub-categories, was somewhat 

more effective. However, a major problem with this method 

was the VENO class. VENO includes about 42% of all the 

observations, posing a problem for the type of reasoning 

used in the classifier. 
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Again, we tried a similar test method. By using a 

data set of size 25, we were able to incorporate all 22 

Cardiovascular sub-categories. 
COMB BODH REPB REPA PERI OTHE SEPT AORT AKTE EHBO LIGA DIRE HEAR THOR THRO INTE BYPA EXPL CARD VASC VEHO PACEI 

0 0 0 0 0 0 0 0 0 0 a 0 0 0 0 0 0 0 0 0 0 0 

0 1 0 0 0 0 0 0 0 0 a 0 0 0 0 0 0 a 0 0 0 0 

0 1 0 0 0 0 0 0 0 1 0 □ 0 0 a D 0 0 0 a 0 a 
0 0 0 2 0 0 0 0 0 1 a 0 0 1 0 1 0 0 0 0 a □ 
1 0 1 0 22 0 0 0 0 2 0 0 0 0 a D 1 l 1 0 l 0 

4 0 0 0 0 13 0 0 0 0 a 0 2 0 l 0 D 2 0 0 a 8 

0 0 0 0 0 0 26 Q 0 1 l 1 0 0 2 0 D 0 0 0 0 0 

0 0 0 0 0 0 2 32 0 0 0 0 0 0 0 0 0 0 a □ 0 0 

|    53 0 0 0 0 0 0 0 0 0 0 0 0 0 a Q 0 0 l a l 0 

2 0 4 1 0 0 0 0 0 31 0 1 0 D 12 8 7 2 0 0 a 0 

1 0 2 3 1 0 0 0 0 4 51 2 1 0 2 3 3 2 0 2 a 0 

5 12 1 0 1 0 0 0 D 1 1 64 0 2 3 1 4 0 0 a D 0 

9 0 0 0 0 1 0 0 0 0 4 0 91 0 0 0 0 0 0 a 0 0 

3 34 0 0 1 0 1 0 0 1 1 10 1 66 1 D 0 0 ii 0 2 0 

16 0 0 1 0 0 0 D 0 11 0 0 0 0 85 1 16 0 0 0 2 1 

2 0 10 9 0 1 0 D 0 27 1 0 0 0 2 97 1 0 0 2 1 1 

3 2 4 0 0 0 0 0 1 22 6 7 0 1 16 0 139 1 0 0 0 0 

6 1 7 3 11 1 0 0 0 29 1 3 0 D 3 8 8 223 0 0 0 a 
3D 1 1 D 4 4 2 0 0 5 0 1 4 1 2 D 0 2 507 a 2 2 

74 9 19 11 5 13 e a 0 49 14 12 46 0 4 182 13 13 0 333 11 5 

|23J1 4 D 0 0 1 0 0 1 S 1 D 3 0 D 0 1 0 l 0 45 1 

65 1 33 0 1 99 l 0 1 0 a 1 42 1 6 D 23 1 4 0 3 558 

190      81       102      190      72       139     301     216     247     525     337 

Figure  BJ-41 

Classified 
Correctly 

#of 
Consults 

Pet. 
Correct 

COMB COMBINED-ARTERIAL-VENOUS-GRAFTING-FOR-CORONARY-BYPASS 0 0 0% 
WOUN WOUNDS-OF-THE-HEART-AND-GREAT-VESSELS 1 1 100% 
REPB REPAIR-BLOOD-VESSEL-OTHER-THAN-FOR-FISTULA-WTH-OR-WITHOUT-PATCH-ANGIOPLASTY 0 2 D% 
REPA REPAIR-ARTERIOVENOUS-FISTULA 2 5 40% 
PERI PERICAROIUM 22 30 73% 
OTHE OTHER-PROCEDURES 13 3D 43% 

SEPT SEPTAL-DEFECT 26 31 84% 
AORT AORTIC-ANOMALIES 32 34 94% 
ARTE ARTE RIAL -GRAFTING-FOR-CORONARY-ARTERY-BYPASS 0 55 0% 
EMBO EMBOLECTOMY-THROMBECTOMY 31 66 46% 
LIGA UGATION-AND-OTHER-PROCEDURES 51 77 66% 
DIRE DIRECT-REPAIR-OF-ANEURYSM-OR-EXCISION-PARTIAL-OR-TOTAL-AND-GRAFT-INSERTION-FOR-ANEl E4 95 67% 
HEAR HEART-LUNG-TRANSPLANTATION 91 105 B7% 
THOR THORACIC-AORTIC-ANEURYSM 66 132 50% 
THRO THROMBOENDARTERECTOMY 65 133 64% 
INTE INTERVASCULAR-CANNUUZATION-OR-SHUNT 97 154 63% 
BYPA BYPASS-GRAFT 139 202 69% 
EXPL EXPLORATION 223 304 73% 
CARD CARDIAC-VALVES 507 568 89% 
VASC VASCULAR-INJECTION-PROCEOURES 333 819 41% 
VENO VENOUS-GRAFTING-ONLY-F0R-COR0NARY-ARTERY-BYPASS 45 2404 2% 
PACE PACEMAKER-OR-DEFIBRILLATOR 556 840 66% 

2386 39% 

I Over 70% 
160-70% 
| Under 60% 

(For classes with at least 20 test cases) 

a 
l 
2 

5 

30 
30 

31 
34 
55 

68 
77 
93 

105 
132 
133 
154 

202 
304 

568 

819 
2404 
840 

Classified 
Correctly 

#of 
Consults 

Pet. 
Correct 

ITOTAL 2341 3685 64% 
(minus VENO class) 

Figure BJ-42 

The results shown in Figures BJ-41 and BJ-42 were not 

as good as those shown in Figures BJ-39 and BJ-40.  While 

the new test (Figures BJ-41 and BJ-42) allowed for more 

categories, it did not have as big of a data set as the 
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test in Figures BJ-39 and BJ-40. This shows the struggle 

between having enough information in the training set, and 

being able to assess a large number of categories. 

Testing Integumentary Sub-categories 

After evaluating the performance of the naive 

classifier with specific Cardiovascular sub-categories, we 

also tried similar tests for the Integumentary class. 

In these tests, we randomly split each sub-category 

into two separate groups - groups A and B. These divisions 

are shown in Figure BJ-43. 

Total A B 
EXCISION 372 187 185 
REPAIR-AND-OR-RECONSTRUCTION 232 113 119 
INCISION-AND-DRAINAGE 227 11D 117 
EXCISION-DEBRIDEMENT 225 103 122 
DESTRUCTION-BENIGN-OR-PREMALIGNANT-LESIONS 157 76 81 
FREE-SKIN-GRAFTS 150 72 78 
FLAPS-SKIN-AND-OR-DEEP-TISSUES 146 63 63 
REPAIR-COMPLEX 137 77 60 
EXCISION-BENIGN-LESIONS 11D 49 61 
ADJACENT-TISSUE-TRANSFER-OR-REARRANGEMENT 1Ü2 50 52 
OTHER-REPAIR-PROCEDURES B9 52 37 
PRESSURE-ULCERS-DECUBITUS-ULCERS 60 42 38 
EXCISION-MALIGNANT-LESIONS 76 35 41 
MISCELLANEOUS 37 15 22 
OTHER-FLAPS-AND-GRAFTS 30 12 18 
REPAIR-INTERMEDIATE 30 14 16 
OTHER-DESTRUCTION-PROCEDURES 18 9 9 
INTRODUCTION 17 7 10 
MOHS-MICROGRAPHIC-SURGER Y 17 13 4 
OTHER-BREAST-PROCEDURES 17 9 8 
REPAIR-SIMPLE 16 10 6 
INCISION 13 9 4 
NAILS 9 4 5 
BIOPSY 4 2 2 
BURNS-LOCAL-TREATMENT 3 3 
REMOVAL-OF-SKIN-TAGS 2 2 . 
DESTRUCTION-MALIGNANT-LESIONS- ANY-METHOD 1 1 

Figure BJ-43 
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Testing on the Integumentary sub-categories was then 

done by first using A as the training set while testing B; 

then by using B as the training set while testing A. 

A B C D E F 0 E I J K L H H 0 p Q R 3 T tr V ¥ X Y 

A 7 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 a      a 0 0 0 0 

B   , a 0 1 D 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 a 0 0 1 0 0 

C 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

D 0 0 3 0 a 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0 

I l 0 4 0 0 0 0 a 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 

T l D 6 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 

G a 0 2 0 0 0 4 l 0 D G 0 0 0 0 0 0 0 0 0 0 0 6 0 0 

H 0 2 11 0 0 0 6 10 0 0 4 0 0 0 0 0 0 0 0 0 0 0 2 0 0 

I 0 a 1 0 0 0 1 0 0 D 1 0 0 0 1 1 D 0 0 0 0 1 S 0 1 

a 0 2 2 0 0 0 0 1 0 63 2 0 0 0 0 0 0 0 6 0 0 0 0 D 0 

X 0 e 10 0 0 0 3 0 0 0 15 2 0 0 0 2 0 0 7 1 0 1 0 0 0 

L a 2 0 0 1 0 0 0 0 0 0 0 0 0 0 1 D 0 0 0 D 0 0 0 0 

I 0 5 24 0 0 18 10 2 0 0 0 3 0 1 0 D 1 0 0 1 0 0 6 5 1 

N 0 2 4 0 0 1 1 0 0 0 0 2 0 0 0 0 0 0 0 1 0 0 2 1 0 

0 l 6 24 1 1 3 4 1 0 0 0 13 0 0 5 2 5 0 1 11 0 9 S 8 2 

P D 0 0 0 0 0 0 0 0 0 0 0 0 0 0 15 0 0 0 0 0 0 0 0 0 

Q 0 S 15 a 0 1 6 3 0 0 1 9 0 0 2 1 5 0 0 3 0 s 10 5 1 

R l 1 10 0 0 0 9 1 0 0 3 4 0 0 0 1 1 0 1 0 0 6 23 1 1 

S 0 0 2 0 0 0 0 0 0 s 1 0 0 0 0 0 0 0 0 1 0 0 D 0 0 

T 10 11 26 0 0 2 2 0 0 0 2 7 0 0 1 2 0 0 0 44 0 1 2 0 0 

U 5 0 7 0 2 0 0 0 0 0 0 0 0 1 0 0 0 0 0 a 45 0 0 53 0 

V 0 1 3 0 0 0 0 0 0 0 1 0 0 0 0 1 D 0 0 1 0 35 0 0 0 

» 0 3 7 1 0 0 9 1 0 0 2 4 0 1 0 0 0 0 0 0 0 3 17 2 0 

X 4 1 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 4 0 0 176 0 

Y 1 10 6 0 0 3 2 0 0 0 3 3 0 1 0 0 0 0 0 1 1 2 3 0 16 

31       59      171 

110 
113 
42 
50 

187 

84      256      22      1132 

0 
7 
9 
10 
13 
35 
12 
76 
49 
4 
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Code Description 
A INCISION 
B BIOPSY 
C DESTRUCTION-MALIGNANT-LESIONS-ANY-HETHOD 

D INTRODUCTION 
E OTHER-BREAST-PROCEDURES 
F REPAIR-SIMPLE 
G HOHS-HICROGRAPHIC-SÜRGERY 
H EXCISION-HALIGNANT-LESIONS 
I OTHER-FLAPS-AND-GRAFTS 
J DESTRUCTION-BENIGN-OR-PREHALIGNANT-LESIONS 
K EXCISION-BENIGN-LESIONS 
L NAILS 
M REPAIR-COMPLEX 
N REPAIR-INTERREDIATE 
0 EXCISION-DEBRIDEHENT 
P HISCELLANEOUS 
Q FREE-SKIN-GRAFTS 
R FLAPS-SKIN-AND-OR-DEEP-TISSUES 
S OTHER-DESTRUCTION-PROCEDURES 
T INCISION-AND-DRAINAGE 
U REPAIR-AND-OR-RECONSTRUCTION 
V PRESSURE-ULCERS-DECUBITUS-ÜLCERS 
V ADJACENT-TISSUE-TRANSFER-OR-REARRANGEHENT 
X EXCISION 
V OTHER-REPAIR-PROCEDURES 

Overall 

Number Percent 
correctly correctly 
classified Total classified 

7 9 78% 

0 2 0% 

0 0 N/A 

0 7 0% 

0 9 0% 

1 10 10% 

4 13 31% 

10 35 29% 

0 12 0% 

63 76 83% 

15 49 31% 

0 4 0% 

0 77 0% 

0 14 0% 
5 102 5% 
15 15 100% 

5 72 7% 

0 63 0% 

D 9 0% 
44 110 40% 

45 113 40% 

35 42 83% 

17 50 34% 

176 187 94% 
16 52 31% 

458 1132 40% 

Figure BJ-44 

X B C D E T G H I J R L H N 0 p Q R 3 T D V V X T z 
i 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

8 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 D 0 0 0 0 0 0 0 

C 0 0 0 0 0 0 0 0 0 Q 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

D 1 2 0 1 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 3 0 1 0 0 

E 0 1 0 D 2 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 

r D 0 0 0 0 0 0 0 D 0 0 4 0 1 0 0 0 2 0 0 0 0 2 0 0 0 

G s 6 1 0 0 0 0 1 1 0 3 0 D 0 0 D 0 0 0 2 0 2 31 0 0 0 

H 4 1 2 0 0 0 0 1 0 0 1 0 0 0 0 2 0 0 0 1 1 0 3 0 0 0 

I 4 1 2 0 D 0 D 0 1 0 0 0 1 0 0 0 0 D 0 1 0 2 6 0 0 0 

J 4 6 2 D 0 0 0 0 2 11 2 2 0 1 0 0 0 0 1 1 0 2 1 0 0 1 

K 0 e 1 0 0 0 0 0 D D 24 0 0 0 0 0 0 0 1 0 0 2 5 0 0 0 

L 0 6 6 1 0 0 0 0 0 1 20 16 1 2 0 1 0 1 0 1 0 1 4 0 0 0 

H 13 6 4 0 2 0 0 4 Z 0 3 2 2 0 0 1 1 0 1 8 1 4 26 0 0 1 

N 1 0 0 0 0 0 0 0 0 0 0 0 0 20 0 0 0 0 1 0 0 0 0 0 0 0 

0 1 2 0 0 0 0 D 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 Q 0 

P 0 3 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 Q 0 

Q 0 1 0 0 2 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 4 0 0 0 0 

R 4 0 0 0 0 0 0 0 0 0 1 7 0 0 0 0 0 69 0 0 0 0 0 0 0 0 

3 14 23 3 1 2 0 0 1 0 0 2 3 0 2 0 6 7 0 50 0 0 2 0 0 G 1 

T 3 0 2 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 31 0 0 0 0 0 1 

0 12 7 2 0 0 0 0 2 0 0 5 0 2 0 0 s 0 0 1 2 9 2 10 0 0 1 

V 3 5 0 0 4 0 0 0 0 0 1 0 0 0 0 0 2 0 0 0 0 167 0 3 0 0 

B 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 D 0 0 0 0 Q 4 0 0 0 

X 7 5 1 0 1 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 38 0 65 0 0 

T 23 7 7 0 0 0 0 1 0 0 3 0 0 0 1 1 0 D 2 5 1 1 IS 0 1 4 

Z 13 23 4 3 3 0 0 4 0 0 2 4 0 2 1 9 1 0 19 13 3 4 2 0 1 11 

Total 
0 

Tot»!    114     115      38 17     234     109      69 

117 
38 

122 
1177 
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Code Description 
A REHOVAL-OF-SKIN-TAGS 
B BIOPSY 
C BURNS-LOCAL-TREATMENT 
D INTRODUCTION 
E INCISION 
F OTHER-DESTRUCTION-PROCEDURES 
G ADJACENT-TISSUE-TRANSFER-OR-REARRANGEHENT 
H REPAIR-INTERMEDIATE 
I OTHER-FLAPS-AND-GRAFTS 
J OTHER-REPAIR-PROCEDURES 
K EXCISION-HALIGNANT-LESIONS 
L EXCISION-BENIGN-LESIONS 
H FLAPS-SKIN-AND-OR-DEEP-TISSUES 
N HISCELLANEOUS 
O NAILS 
P REPAIR-SIHPLE 
Q OTHER-BREAST-PROCEDURES 
R DESTRUCTION-BENIGN-OR-PREHALIGNANT-LESIONS 
S INCISION-AND-DRAINAGE 
T PRESSURE-ULCERS-DECUBITUS-ULCERS 
U REPAIR-COHPLEX 
V EXCISION 
H HOHS-HICROGRAPHIC-SURGERY 
X REPAIR-AND-OR-RECONSTRUCTION 
Y FREE-SKIN-GRAFTS 
Z EXCISION-DEBRIDEHENT 

Total 

Figure BJ-45 

Both tests (Figures BJ-44 and BJ-45) show that an 

unevenly trained data set performs quite poorly for the 

Integumentary categories. In order to handle this more 

difficult category, we used the even approach. By using 

50-consult training sets for each sub-category with at 

least 50 instances, we built an evenly distributed data 

set. 

Number Percent 
correctly correctly 
classified Total classified 

0 0 0% 

0 2 0% 

0 0 0% 
l 10 10% 

2 4 50% 

0 9 0% 

SNT            0 52 0% 

1 16 6% 

1 18 6% 

11 36 31% 

24 41 59% 

16 61 2 6% 

2 83 2% 

20 22 91% 

0 5 0% 

0 6 0% 

1 8 13% 
[ONS         69 81 85% 

50 117 43% 

31 38 82% 

9 60 15% 
167 1B5 90% 

4 4 100% 

65 119 55% 
1 78 1% 

11 122 9% 
486 1177 41% 
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Predicted 

EXCM PRES OTHE ADJA EXCB REPC FLAP FREE DEST EXCD INCI REPA EXCI 
19 0 0 2 4 0 0 0 0 0 0 0 1 
0 24 0 0 2 1 0 0 0 1 2 0 0 
2 2 21 3 4 1 2 0 0 0 3 0 1 
7 3 1 28 2 3 6 0 0 1 0 0 1 
7 1 1 6 35 3 0 2 1 1 3 0 0 

14 0 1 15 0 39 4 1 0 0 9 0 4 
3 10 3 52 8 5 5 2 0 0 6 0 2 
8 8 2 22 3 15 7 15 1 6 10 0 3 
4 0 1 0 12 0 0 0 90 0 0 0 0 
3 17 5 13 6 17 7 12 3 17 55 2 17 
3 2 0 7 7 13 2 0 0 15 122 3 3 
2 0 1 2 0 1 2 0 0 3 1 90 80 
3 0 0 4 1 0 0 0 0 0 1 5 308 

Total 75 67 36 154 84 98 35 32 95 44 212 100  420 

26 
30 
39 
52 
60 
87 
96 
100 
107 
174 
177 
182 
322 
1452 

HRBHHg^^BH 
■ EXCISION-MALIGNANT-LESIONS 19 26 73% 
■ PRESSURE-ULCERS-DECUBmJS-ULCERS 24 30 80% 
■ OTHER-REPAIR-PROCEDURES 21 39 54% 

ffl[^BADJACENT-TISSUE-TRANSFER-OR-REARRANGEMENT 28 52 54% 
■ EXCISION-BENIGN-LESIONS 35 60 58% 
■ REPAIR-COMPLEX 39 87 45% 
H FLAPS-SKIN- AND-OR-DEEP-TISSUES 5 96 5% 

El FREE-SKIN-GRAFTS 15 100 15% 
^■^■DESTRUCTION-BENIGN-OR-PREMAUGNANT-LESIONS 90 107 84% 

■ EXCISION-DEBRIOEMENT 17 174 10% 
■ INCISION-AND-DRAINAGE 122 177 69% 
I REPAIR-AND-OR-RECONSTRUCTION 90 182 49% 
I EXCISION 308 322 96% 

OVERALL 813      1452     56% 

Figure  BJ-46 

Figure BJ-46 shows that an evenly distributed training 

set works better for the difficult Integumentary category. 

The exact same test was then run, this time on the Eye 

& Adnexa category. Figure- BJ-47 shows the number of 

instances of each sub-category in the Eye & Adnexa 

category. Eleven of its sub-categories contained 50 or 

more consults. Therefore, the test was run using only 

those particular sub-categories. 
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Eye and Adnexa sub-class counts 

Class Items in Class 
LENS 651 
RETINAL-OR-CHOROID 535 
VITREOUS 366 
ANTERIOR-SCLERA 177 
CORNEA 144 
REMOVAL-OF-EYE 143 
EXTRAOCULAR-MUSCLES 103 
EYELIDS 74 
ORBIT 70 
REPAIR-OF-LACERATION 69 
OTHER-PROCEDURES 61 
ANTERIOR-CHAMBER 42 
LACRIMAL-SYSTEM 29 
SECONDARY-IMPLANT-PROCEDURES 23 
REMOVAL-OF-FOREIGN-BODY 23 
IRIS-CILIARY-BODY 9 
EXCISION-AND-OR-DESTRUCTION 8 
SCLERAL 7 
CONJUNCTIVOPLASTY 7 
INCISION-AND-DRAINAGE 1 

Figure  BJ-47 



Total 

Predicted 

23 71 50 40 48 139 74 145 207 482 

OTHER-PROCEDURES 0 11 0% 

REPAIR- OF- LACERATION 17 19 89% 

ORBIT 9 20 45% 

EYELIDS 19 24 79% 

EXTRAOCULAR-MUaCLES 45 53 85% 

REMOVAL-OF-EYE 46 92 50% 

CORNEA 55 94 59% 

ANTERIOR-3CLERA 109 127 85% 

VITREOUS 169 314 54% 

RETINAL-OR-CHOROID 387 485 80% 

LENS 539 601 90% 

OVERALL 1395 1840 76% 

5 61 
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1  OTHE RE PA ORB I EYEL EXTR REMO CORN ANTE VITR RETI LENS 1 

^^^^M 1 1 2 0 1 0 1 2 3 0 n^i 17 0 1 0 1 0 0 0 0 0 

i 0 9 1 0 4 0 3 1 1 0 

^^^i 1 1 19 0 2 0 0 0 0 0 

i 0 e 0 45 0 0 0 0 0 0 

^^^H 14 18 5 1 46 0 5 1 2 0 

^^^| 10 3 0 0 12 55 4 0 0 3 

HH^I 4 2 0 1 1 1 109 0 1 5 

^^^H 10 5 7 0 27 1 10 169 73 6 ^^^1 8 1 3 0 41 0 2 31 387 8 H^l 6 2 2 1 4 17 11 3 15 539 

11 

19 

20 

24 

53 

92 

94 

127 

314 

485 

601 

1840 

Figure BJ-48 

The results in Figure BJ-48 are much better than those 

in the Integumentary class (Figure BJ-47).   This may be 

greatly due to the fact that Eye & Adnexa divisions seem 

more clear-cut than those of the Integumentary category. 

Naive Tree Method 

The naive classifier can only produce successful 

results when a significant amount of training items are 

available for each category in the range of categories to 

be classified. The classification of specific CPTs, 

therefore, is quite difficult, because the range of 

possible CPTs is so broad that, even in a very large set of 

data, some CPTs may be involved in very few, if any, 

instances.  As a result, specific CPT classification is not 
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a good option under the current method of classification 

being used. 

As we've already seen, the naive classifier is quite 

successful in sending ICD9s and other diagnoses to the 2 0 

main CPT categories. Also, we've seen that given an ICD9 

that belongs to C (one of the 20 main CPT categories), we 

can often successfully classify the ICD9 into the 

appropriate sub-category of C. Therefore, an effective 

solution to the specific CPT problem might lie in 

developing the method by which the classifier handles its 

levels of classes rather than in changing the naive method 

of the classifier. By using a hierarchical tree method, we 

can utilize the naive nature of the classifier at different 

levels of classification in order to narrow down the number 

of categories seen at each level. 

The structure of the naive tree classifier is modeled 

after the hierarchical structure of the CPT code book. 

Under each of the 20 main CPT categories, another two mid- 

levels of categorization exist; and the bottom level, which 

consists of the actual specific CPTs, then falls under 

categories in one of each of the other three levels. 

Denote the lowest level of the CPT hierarchy, which 

consists of specific CPTs, as Level 3. The level above 

that will be labeled Level 2, and the one above it Level 1. 

The top level, which consists of the 20 main CPT 

categories, will be referred to as Level 0. Figure BJ-49 

shows this hierarchical structure of the CPT codes. 
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Figure BJ-49 

When the naive tree classifier reads in an item, it 

first classifies the item at the most general level (0) . 

Let's assume that out of the 20 main categories (Labeled A- 

T), the classifier first selects category 'A' . The next 

step in the process would be to again classify the same 

item, using the categories in Level 1. However, this time, 

the classifier will filter out all categories that aren't 

descendants of the Level 0 category, 'A' . The classifier 

will then proceed down the tree and finally select from a 

small group of similar CPTs. 

This method takes advantage of the fact that levels 

higher in the tree are more general, and are easier to 

classify. It also allows the classifier to choose from a 

smaller group of categories, which, as we've seen, improves 

its performance. 

Testing was done on the hierarchically structured Eye 

and Adnexa category, which is one of the 20 main CPT 

categories. For testing purposes, we assumed that the 

classifier would have chosen Eye & Adnexa to be the Level 0 

category. We then tested the performance for each level of 

classification: 
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Actual Predicted 

Ocular 
Adnexa Eyeball 

Posterior 
Segment 

Anterior 
Segment TOTAL 

Ocular Adnexa 
Eyeball 
Posterior Segment 
Anterior Segment 

78 
10 
12 
6 

13 
93 

136 
65 

2 
3 

628 
19 

4 
5 

31 
732 

97 
111 
807 
822 

(TOTAL 106 307 652 772 1837 

Figure BJ-50 

Accuracy 

Ocular Adnexa EYE AND ADNEXA » OCULAR ADNEXA 80% 
Eyeball EYE AND ADNEXA » EYEBALL 84% 
Posterior Segment EYE AND ADNEXA» POSTERIOR SEGMENT 78% 
Anterior Segment EYE AND ADNEXA » ANTERIOR SEGMENT 89% 

Figure BJ-51 

These results, at Level 1 (Figures BJ-50 and BJ-51) were 

very successful.  The next step in the complete CPT 

classification process is to classify the same text, using 

only the sub-specialties under the more general sub- 

specialty that was just selected.  The classifier then 

continues to move down 
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Appendix 6: 

Code listing for Teledental Consult Broker Prototype 
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